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4.1 Summary of Infrastructure Protection Investigation for 
Feature 1:  Churchs Ferry 

4.1.0 Flood Protection Strategy 
The flood protection strategy that was analyzed for Churchs Ferry was relocation of the affected 
structures. 

4.1.1 General Information  
Feature Type:  Community 

Location:  Churchs Ferry is located approximately 23 miles northwest of Devils Lake, ND on US 
Highway 2.  The accompanying Figure 4.1-1 shows the feature’s location and approximate 
extents, and the inundation extents at the three reference lake levels (1447, 1454, and 1463). 

Description:  Churchs Ferry was a community of approximately 77 people (based on 2000 
census) prior to the FEMA buyout.  Based on an October 2002 phone conversation with the 
mayor of Churchs Ferry (Paul Christenson), the current population of Churchs Ferry is 7 (after 
the FEMA buyout program). 

Significance:  Churchs Ferry is important because of its proximity along Burlington Northern 
Railroad and adjacent grain elevators.  The rising lake level has affected Churchs Ferry over the 
last few years, and more structures could be affected by rising lake levels.  The businesses 
remaining in Churchs Ferry provide services to the surrounding rural community. 

Damages:  The Economic Analyses identified only the loss of three homes, the grain elevator and 
church.  Recent discussions with the mayor of Churchs Ferry indicated that there are several 
additional buildings that should be included.  The grain elevator will be relocated during 2003.  
The flooding of Churchs Ferry would result  in the following damages: 

•  loss of 3 homes 

•  loss of a church, firehall, City Hall, post office, automobile repair shop, bar, school buildings, 
Masonic Lodge, a City shop, a railroad maintenance building, and 3 other miscellaneous 
buildings 

•  sewage lagoons 

O wner/Sponsor:  Churchs Ferry city council is responsible for managing and maintaining 
Churchs Ferry. 
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Lead Federal Agency:  The Corps of Engineers would take the lead for Churchs Ferry for any 
flood protection work that may take place.  The Federal Emergency Management Agency 
(FEMA) would coordinate relocation of structures. 

4.1.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for Churchs Ferry has consisted of 
constructing a temporary levee to elevation 1451.5 and conducting a buyout program that was 
implemented in 2000.  Only three residents decided to forego the buyout offer, all of which are 
located between 1456 and 1464.  The other remaining buildings evaluated in this study were not 
part of the buyout program.  It  was assumed that the existing temporary levee would not be raised 
because the cost of raising it  would exceed the value of the structures that it  would protect.   

Based on a phone conversation with BTR Farmers Coop staff on October 24, 2002, the grain 
elevator in Churchs Ferry is scheduled to be relocated.  The new elevator is currently under 
construction and will be completed during the summer of 2003.  The elevator will be located 
along the Burlington Northern Sante Fe (BNSF) mainline about 6 miles west of the current 
elevator.  Grain operation will be moved during 2003 when the new elevator is completed. 

General Protection Strategy:  The Infrastructure Protection Study’s analysis for Churchs Ferry 
considered one incremental flood protection strategy.  At the first action level, relocation was the 
only strategy that was feasible both from an economic and a constructability standpoint.  The 
strategy involved relocation of 3 residences, a church, firehall, City Hall, post office, repair shop, 
bar, school buildings, Masonic Lodge, a City shop, and a railroad maintenance building. 

The existing sewage lagoons serve the 3 residences and the remaining buildings.  The cost to 
protect or relocate the sewage lagoons or abandon the sewage lagoons and construct individual 
septic systems was not analyzed as part of this study.   

Protection Strategy by Action Level:  The single flood protection strategy analyzed for Churchs 
Ferry (relocation of structures) would require action before the water rises to 1452 and overtops 
the sewage ponds.  This strategy is highlighted on the accompanying Figure 4.1-2.  

The pertinent reference elevations for this flood protection strategy are given below: 

Reference Elevations for Structure Relocations (AL1) 
Elevation Name Significance 

1452 Low Structure Elevation Top of berm at sewage lagoon 
1451 Lake Damage Elevation Lake elevation at which damage to 

sewage lagoon begins (assume 1-foot 
freeboard) 
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Reference Elevations for Structure Relocations (AL1) 
Elevation Name Significance 

1451 Project Completion Elevation Lake elevation at which structure 
relocation must be complete 

NA Construction Initiation Elevation Lake elevation at which structure 
relocation must begin 

NA Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

4.1.3 Design Considerations   
Figure 4.1-1 shows the location of the Churchs Ferry structures.  

4.1.3.0 General Design  

Not applicable because there is no levee construction strategy. 

4.1.3.1 Site Geology 

No geologic concerns would be associated with the incremental strategy for this feature. 

4.1.3.2 Hydrology/Interior Drainage issues 

No interior drainage concerns would be associated with the incremental strategy for this 
feature. 

4.1.3.3 Real Estate Requirements 

No real estate concerns would be associated with the incremental strategy for this feature. 

4.1.3.4 Env ironmental/Cultural issues 

The potential environmental and cultural issues in Churchs Ferry were not analyzed in 
detail.  The costs related to relocation of structures were incorporated into the relocation 
costs.  The report for Feature 11: Burlington Northern Railroad (Along US Highway 2) 
discusses local environmental and cultural issues. 

4.1.3.5 Effects on Existing Infrastructure and Utilities 

Not applicable because there is no levee construction strategy. 

4.1.3.6 Interdependencies  

The protection of Churchs Ferry is related to the protection of the highways and railroads 
that serve it .  These features include: 

•  Feature 11: Burlington Northern Railroad (Along US Highway 2) 
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•  Feature 12: Burlington Northern Railroad (Churchs Ferry to Cando) 

•  Feature 13: US Highway 2 

•  Feature 16: US Highway 281 (South of US Highway 2) 

•  Feature 17: US Highway 281 (North of US Highway 2) 

These highways and rail lines are critical for Churchs Ferry in that they provide the main 
transportation routes in and out of the community. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.1.3.7 O&M 

No O&M is necessary for the incremental strategy for this feature. 

4.1.3.8 Lead Time Required 

Current FEMA policies make relocations unlikely until damage to the structures actually 
occurs (assumed to be 1 foot below the low structure elevation).  Relocations would be 
done on an as-needed basis, with no lead time provided. 

4.1.3.9 Potential Problems and Risks 

•  Utilit ies may need to be abandoned or relocated as part of the relocations. 

•  Abandonment of the sewage lagoon will require immediate relocation of all 
structures unless other means are provided to handle sewage. 

4.1.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with the 
relocations: 

•  Verify location, number, and elevation of structures that would need relocating. 

•  Precise locations of above ground and buried utilit ies. 

•  Verify environmental and cultural issues. 

•  The cost to protect or relocate the sewage lagoons or abandon the sewage lagoons 
and construct individual septic systems was not analyzed as part of this study.  As the 
lake rises, it  may be desirable to construct new sewage lagoons or install individual 
septic systems to maintain sewer service to the bar, post office, City Hall, the firehall, 
and other buildings at higher elevations. 
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•  A detailed wave analysis was not performed for Churchs Ferry.  The land adjacent to 
the sewage lagoon appears relatively flat, which will minimize wave action.  A 1-foot 
freeboard was assumed for the Churchs Ferry Sewage Lagoon.  Therefore it  was 
assumed that damage to the sewage lagoons would occur after the lake reaches 1451.  
Maintenance may be required to protect the lagoon during operation at this level.   

4.1.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study’s analysis, the flood damage estimates for 
Churchs Ferry were reassessed in order to update and more accurately characterize the nature of 
the damages.  The updated damage computations for Churchs Ferry are summarized in the 
accompanying Table 4.1-1.  All damages were estimated up to the maximum lake level (1463) at 
the first  action level.  

The feature damages include the structures described in Section 4.1.1.  Unit prices for all the 
damage computations were listed in Section 4.0, and are detailed in Table 4.0-2.  An updated (as 
of 2002) list  of assumptions regarding the damage computations, data sources, and other aspects 
of the economic analysis for Churchs Ferry are listed in the Churchs Ferry Infrastructure 
Protection Study Assumptions listing, attached to this Section 4.1. 

Costs:  The updated costs of providing flood protection for Churchs Ferry are detailed in the 
accompanying Table 4.1-2 for Churchs Ferry.  Unit prices, data sources, and relevant 
assumptions are listed.  All costs are given in 2002 dollars.  

The flood protection costs for Churchs Ferry include relocation of all structures described in 
Section 4.1.1.  Unit prices for all the cost computations were discussed previously in Section 4.0, 
and are detailed in Table 4.0-1.  Assumptions regarding the cost computations, data sources, and 
other aspects of the economic analysis for Churchs Ferry are listed in the Churchs Ferry 
Infrastructure Protection Study Assumptions listing, attached to this Section 4.1. 

Contingencies:  For relocation of structures, a contingency percentage of 30% was used for all 
structures (Table 4.1-2).  

4.1.5 Economic Results 
The results of the Infrastructure Protection Study for Churchs Ferry are listed in Table 4.1-3.  
Since there is only one action level for this feature, this table represents the results for both the 
first action level and for all action levels. 

Stochastic Analysis Results:  Using the stochastic analysis along with the updated damage and 
cost estimates for Churchs Ferry, the Infrastructure Protection Study’s analysis provided relevant 
economic indices for relocation of structures at the first action level.  The relocation of structures 
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at the first action level strategy is highlighted on the decision tree (Figure 4.1-2).  The annual net 
benefits for this approach were less than zero ($-6,100).  The BCR for this approach was less than 
one (0.76).  These results show that this strategy is not economically justified.  The annual 
damages prevented by this relocation strategy are $19,300.  The stochastic results are averages 
over 10,000 traces. 

Results for Specific Scenarios:  Relocation of structures at the first  action level was also 
analyzed under each of three specific climate futures.  For Churchs Ferry, the economic indices 
for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of relocation of 
structures at the first  action level were -$22,400, and the BCR was 0.76, indicating that this 
strategy was not economically justified.  The annual damages prevented by this relocation 
strategy are $70,900. 

•  First Moderate Future – Under the first moderate future climate scenario, lake levels do not 
reach first  damage levels. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of relocation of structures at the first  action level were -$14,800, and the BCR was 
0.76, indicating that this strategy was not economically justified.  The annual damages 
prevented by this relocation strategy are $46,800. 
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DAMAGES

Action 
Level

AL1

DAMAGE BREAKDOWN

Quantity Units Unit Cost Value
(THOUSANDS)

Residence 3 EA $62,000 $186
Bar 1 EA $17,100 $17
Church 1 EA $104,000 $104
Pauls Repair 1 EA $15,600 $16
School Building 1 EA $550,000 $550
Misc Buildings 3 EA $2,100 $6
RR Maintenance Building 1 EA $55,000 $55
Firehall 1 EA $109,000 $109
City Hall 1 EA $109,000 $109
City Shop 1 EA $109,000 $109
Masonic Lodge 1 EA $109,000 $109
Post Office 1 EA $109,000 $109

$1,479

(MSL) (THOUSANDS)

Description

Total

Structure Elevation 1453-1463

$1,4791453-1463

Table 4.1-1

Flood Damages
Feature 1: Churchs Ferry

Structure Elevation Range
Structures and 
Infrastructure

Devils Lake Infrastructure Protection Study
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S

Action Level
Cost to Relocate Structures at 

AL1
(THOUSANDS)

AL1 $1,946

COST BREAKDOWN

Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS)
Incremental Residence 3 EA $68,000 30% $265
Relocation Bar 1 EA $17,100 30% $22

Church 1 EA $104,000 30% $135
Pauls Repair 1 EA $15,600 30% $20
School Building 1 EA $550,000 30% $715
Misc Buildings 3 EA $2,100 30% $8
RR Maintenance Building 1 EA $55,000 30% $72
Firehall 1 EA $109,000 30% $142
City Hall 1 EA $109,000 30% $142
City Shop 1 EA $109,000 30% $142
Masonic Lodge 1 EA $109,000 30% $142
Post Office 1 EA $109,000 30% $142

$1,946Total Relocation

Table 4.1-2

Flood Protection Costs
Feature 1: Churchs Ferry

Devils Lake Infrastructure Protection Study

S AT AL1
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Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D

No Protection No Protection or Relocation $0 $0 $0 $0 $19,300 $19,300 $0 $0 --

S(1) Relocation of Structures at AL1 $0 $0 $25,400 $25,400 $0 $0 $19,300 -$6,100 0.76

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D

No Protection No Protection or Relocation $0 $0 $0 $0 $70,900 $70,900 $0 $0 --

S(1) Relocation of Structures at AL1 $0 $0 $93,300 $93,300 $0 $0 $70,900 -$22,400 0.76

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D

No Protection No Protection or Relocation $0 $0 $0 $0 $0 $0 $0 $0 --
S(1) Relocation of Structures at AL1 $0 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D

No Protection No Protection or Relocation $0 $0 $0 $0 $46,800 $46,800 $0 $0 --
S(1) Relocation of Structures at AL1 $0 $0 $61,600 $61,600 $0 $0 $46,800 -$14,800 0.76

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

DAMAGES

Strategy COSTS DAMAGES

(Annual)

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Moderate Future 1 Scenario (M1-4)

Strategy COSTS DAMAGES
(Annual)

Wet Future Scenario (WF-9)

Strategy COSTS

Table 4.1 - 3

Economics Results
Feature 1: Churchs Ferry

Devils Lake Infrastructure Protection Study

L:\34\36\020\Multi-AL_Analysis\DLIP_Econ_Summary_2002MultiALs.xls
1/9/2003
3:19 PM
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Attachment to 4.1: 
Churchs Ferry Economic Analysis Assumptions 

A. General Assumptions 
1. Farmland losses were not included in this feature.  These losses were included in Feature 8.1: Devils 

Lake Rural Areas. 

B. Levees  
1. It  was assumed that the existing levee would not be raised because the cost of raising it  would greatly 

exceed the value of the few structures that it  would protect.   

2. The top of the existing levee is at elevation 1451.5. 

C. Residential And Commercial Property 
1. The average value of a house in Churchs Ferry was estimated to be $62,000.  This figure was 

obtained from the Federal Emergency Management Agency (FEMA) and represents the average 
value of a house located on the Spirit  Lake Nation Reservation.  The value for each house was 
determined for FEMA by certified flood insurance adjusters and was based on total habitable square 
footage of the buildings and standardized real estate appraisals (FEMA, personal communication, 
March, 2001).  These values did not include the value of land on which the houses were located. 

2. The average relocation cost for a house is $68,000.  This cost was obtained from the North Dakota - 
North Central Planning Council and represents the average cost to relocate a residence during the 
buyout program conducted in Churchs Ferry in 2000.  The $68,000 includes the following costs: 
demolition of the existing house, purchase of an equivalent house in a nearby community, purchase of 
a lot, and legal, appraisal, and management fees.  Only 3 residents decided to forego the buyout offer, 
all of which are located between 1456 and 1464.   

3. The cost for relocation/rebuilding of commercial and public facilit ies was assumed to be 100% of the 
value of the structure and property. 

4. Based on a phone conversation with BTR Farmers Coop on October 24, 2002, the grain elevator in 
Churchs Ferry was scheduled to be relocated.  The new elevator is currently under construction and 
will be completed during the summer of 2003.  The elevator will be located along the Burlington 
Northern Sante Fe (BNSF) mainline about 6 miles west of the current elevator.  Grain operation will 
be moved during 2003 when the new elevator is completed. The costs from the Economic Analysis 
were not included as part of the Infrastructure Protection Study 

5. In 1998, the value of the church was estimated to be $100,000, including the value of the parcel. This 
value was updated for inflation by multiplying it  by the ENR Building Cost Index of 1.042.  This 
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accounts for 4.2% inflation during the period from 1998 to February 2001.  The updated value is 
$104,000.  

6. The existing sewage lagoons serve the 3 residences and the remaining buildings.  The cost to protect 
or relocate the sewage lagoons or abandon the sewage lagoons and construct individual septic 
systems was not analyzed as part of this study.   

7. Based on a phone conversation with the Jerry Ratzlaff, Ramsey County Assessor on October 25, 
2002, the 2002 assessed values were used as relocation costs for the following buildings: 

•  Bar:  $17,100 

•  Paul’s Repair Shop:  $15,600 

•  3 miscellaneous buildings: $6,300 

8. The cost of relocating the school buildings was assumed to be $550,000.  This was based on the 
Economic Analysis cost to relocate the school building at Minnewaukan. 

9. The cost to relocate the firehall, City Hall, the City shop, Masonic lodge, and the post office was 
assumed to be $109,000 each.  This was based on the average cost for government/public structures 
for Minnewaukan from the FEMA infrastructure database provided by Paul Seeley, FEMA, October 
2002. 

10. The cost to relocate the railroad maintenance building was assumed to be $55,000 (one half the above 
referenced cost for government/public structures at Minnewaukan). 

11. The list  of existing structures in Churchs Ferry was based on an October 2002 phone conversation 
with the mayor of Churchs Ferry (Paul Christenson). 
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4.2 Summary of Infrastructure Protection Investigation for 
Feature 2:  City of Devils Lake 

4.2.0 Flood Protection Strategy 
The Economics Analysis indicated that the flood protection strategy with the largest net benefits 
for the City of Devils Lake was incremental raise of the existing levee.  This strategy was 
evaluated in the Infrastructure Protection Study. Detailed plans for the first levee raise are 
currently being completed, and therefore more detailed information was available for this feature, 
as discussed belo w. 

4.2.1 General Information  
Feature Type:  Community 

Location:  The City of Devils Lake is located in north central North Dakota 89 miles west of 
Grand Forks and 121 miles east of Minot on US Highway 2.  It  is the county seat for Ramsey 
County.  The city is located along a portion of the north shore of Devils Lake and is currently 
protected by a levee that was constructed by the Corps.  The accompanying Figure 4.2-1 shows 
the feature’s location and approximate extents, and the inundation extents at the three reference 
lake levels (1447, 1454, and 1463). 

Description:  The City of Devils Lake is a community of 7,222 people (based on 2000 census).  

Significance:  The City of Devils Lake is important because it  is the largest city between Grand 
Forks and Minot and ranks as the 11th largest city in North Dakota. 

Damages:  The flooding of the City of Devils Lake would result  in the following damages:  

•  loss of homes 

•  loss of historical buildings 

•  loss of commercial properties 

•  loss of public property including parks and land owned by Ramsey County and City of Devils 
Lake 

•  loss of Devils Lake Cemetery 

•  loss of schools including Minnie H Elementary School; Sweetwater Elementary; Prairieview 
Elementary School, Central Middle School, Harmony House, Lake Area Vo-Tech Center, 
North Dakota School for the Deaf 
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•  loss of churches including Assembly of God Church, Christ Free Lutheran Church, St. Joseph 
Catholic Church, Lakewood Bible Camp Assembly of God  

•  loss of tax revenues 

•  loss of Devils Lake Airport 

•  loss of sewage treatment ponds serving the City of Devils Lake 

O wner/Sponsor:  The Devils Lake City Commission is responsible for managing and 
maintaining the City of Devils Lake. 

Lead Federal Agency:  The Corps of Engineers would take the lead for any flood protection 
work that may take place for the City of Devils Lake.  The Federal Emergency Management 
Agency (FEMA) would coordinate relocation of structures. 

4.2.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for the City of Devils Lake has 
consisted of levee construction and incremental levee raises, road raises, and relocations.  The 
rising water level has caused flooding of roadways and other infrastructure adjacent to the lake.  
Levees have been raised on several occasions to protect the City of Devils Lake from flooding 
because of the rising lake levels.  Levees were most recently raised in 1998, with a design lake 
level of 1450.  More recent evaluations indicate that the design level of protection for the existing 
levee is 1452. 

The Alternative Alignment Study (Barr, January 2002) summarizes an analysis of extensions that 
are required for the Devils Lake levee system to provide continued protection against flooding of 
the city, and several alternatives for these extensions.  That report should be referred to for the 
detailed analysis of these extensions.  The analysis assumed the levees will be raised to 1460 to 
provide flood protection for the lake to 1454.  

The following discussion of the City of Devils Lake feature was primarily excerpted from the 
Alternative Alignment Study, 2002.  A preliminary MCASES cost estimate was also prepared for 
inclusion in this report.  However, the analysis was completed after economics modeling had 
been conducted.  Therefore, the economics model uses information from the Alternative 
Alignment Study, 2002 for the first  action level. 

General Protection Strategy:  For the incremental levee raise strategy, the existing Stage 1A 
and Stage 2A levees need to be raised to provide continued protection of the City of Devils Lake 
against flooding.  There are several locations where it  will also be necessary to build smaller 
levees to connect high ground and maintain the integrity of the levee that protects the City of 
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Devils Lake.  The minimum levee additions that will provide such protection at the first  action 
level, designated the baseline alignments, are: 

•  Lakewood Segment 2 

•  Acorn Ridge Segments 2 and 3 

•  Highway 2 Segment 1 

•  Six tieback levees (three at the Golf Course, North Creel Bay, Highway 2, and Acorn Ridge) 

The Alternative Alignment Study analyzed the levee tiebacks and various alternative levee 
alignments to raise the level of protection for the City of Devils Lake to a design lake elevation 
1454, or top of levee (TOL) elevation 1460.  These levee sections would be constructed 
concurrently with any future raises of the Stage 1A and Stage 2A levees.  Plans and specifications 
for the levee raises of the Stage 1A, Stage 2A, tiebacks, and baseline alignments are currently 
under way.  Figure 4.2-1 shows the Devils Lake region and identifies the levee alignment areas. 

Protection Strategy by Action Level:  The flood protection strategy that was analyzed in detail 
for the City of Devils Lake was for one incremental levee raise to a top of levee at 1460 (AL1).  
However, the Features Analysis Model was also used to determine the net benefits based on 
action levels to full height (AL1, AL2, and AL3). 

The pertinent reference elevations for the flood protection strategy are given below: 

Reference Elevations for Levee Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
1457 1460 1465 Low Structure Elevation Low point on top of levee 

1454.5 1457 1462 Lake Damage Elevation Lake elevation at which damage to levee 
begins (based on existing 5-foot freeboard 
as provided by Corps)(1) (assumed to be ½ 
height of freeboard) 

1452 1454 1459 Project Completion 
Elevation 

Lake elevation at which levee raise 
construction must be complete 

1448 1450 1456 Construction Initiation 
Elevation 

Lake elevation at which levee raise 
construction must begin (assume 2-year 
construction, elevation provided by 
Corps) 

Current 1448 1455 Planning and Design 
Initiation Elevation 

Lake elevation at which planning and 
design process must begin 

(1) Freeboard will be increased to 6 feet for future raises. 
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4.2.3 Design Considerations   
Sections 4.2.3.0 through 4.2.3.10 describe the analysis of the levee raise design, as well as other 
considerations (geotechnical, environmental, etc.) necessary to compute the cost estimates for the 
first action level.  Section 4.2.3.11 describes the abbreviated cost estimating method for 
subsequent action levels. 

4.2.3.0 General Design  

The existing levee segments Stage 1A and Stage 2A were designed with a top width that 
would support a raise to 1460 without widening the base.  Therefore, raising the existing 
levee sections for Action Level 1 (AL) will require an additional 3-foot raise on top of the 
existing levee. 

The Infrastructure Protection Study also incorporated the baseline levee segment 
locations, which are described in detail below.  All of the alternatives are based on a 
design lake level at elevation 1454.  A Corps study on the effect of wind on the water 
elevations of Devils Lake indicates that the tops of levees should be approximately 6 feet 
above the design lake level.  Therefore, the levee construction was designed with the top 
at elevation 1460.  A detailed description of the levee construction is provided in the 
Alternative Alignment Study.  Figure 4.2-3 shows typical cross-sections of the proposed 
baseline levees.  Profiles for each levee segment are shown on Figure 4.2-4. 

The following descriptions of the additional baseline levee sections are from the 
Alternative Alignment Study (updated with more current information) for AL1.  These 
levee tiebacks and segments maintain the integrity of the existing City of Devils Lake 
levee system, there are no additional areas that would be protected with these levees.  No 
internal flood control systems are required for these levees, since all areas will continue 
to drain in the same manner as they do under existing conditions.  The alternatives that 
were analyzed for the baseline conditions are noted in each segment, although none of the 
alternatives were selected for construction. 

Lakewood Segment 2 

The Segment 2 levee will connect high ground across a relatively narrow gap between 
1460 contours and is considered part of the baseline alternative.  The north end of the 
levee will start  east of Fair Road approximately 350 feet north of Samuelson Street and it 
will extend southeast to the south side of Samuelson Street (approximately 650 feet east 
of Fair Road).  The alignment may impact two homes.  The total length of levee for this 
segment would be about 700 feet, with a maximum height of about 3 feet.   
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Several alternative alignments were analyzed in the Alternative Alignment Study, some of 
which were economically justified.  However the community selected the baseline 
alignment due to other reasons. 

Golf Course Tieback Segments A, B, and C 

Tieback levee Segments A, B, and C at the south end of the existing Stage 1A levee 
would extend the existing levee south to a hill near the golf course club house, south from 
the south side of that same hill to the most southerly portion of the existing levee, and 
south from the most southerly portion of the existing levee to Ramsey County 
Highway 1.  Levee Segment A is within the golf course and Segment B is near the golf 
course entrance.  It was assumed that the Segment C levee would be placed west of Fair 
Road, approximately midway between the cleared area and the existing homes.  This 
location avoids the existing residences that are on the lakeshore and provides adequate 
land east of the levee for these residences to relocate on their property.   

The total length of these levee segments would be about 170 feet, 20 feet, and 670 feet, 
respectively, with maximum heights of about 3 feet for Segments A and B, and about 
5 feet for Segment C.   

Acorn Ridge Tieback Segment 

The Acorn Ridge tieback levee segment extends westerly from the existing Stage 2A 
levee to the nearest 1460 contour.  The levee is about 80 feet in length and has a 
maximum height of about 3 feet.  This levee extension is located in a heavily wooded 
area.   

Acorn Ridge Segment 2  

The Acorn Ridge Segment 2 levee connects the 1460 contours along the ridge near the 
Peterson Farm and is considered part of the baseline alternative for the Acorn Ridge 
Area.  The north end of the levee starts at the Quiet Acres development east of 80th 
Avenue and extends southwest across a farm field.  The length of this alignment is about 
1,700 feet, with a maximum height of about 3 feet.  

Several alternative alignments were analyzed in the Alternative Alignment Study, none of 
which were economically justified.  This levee alignment is less desirable among the 
community because it does not protect a large field that could be developed with 
residential homes in the near future.  Therefore, one additional alternative alignment is 
still under consideration for this closure. 
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Acorn Ridge Segment 3 

The Acorn Ridge Segment 3 levee connects a narrow gap between 1460 contours in a 
heavily wooded area southwest of the water tower.  The total length of the levee is about 
170 feet, with a maximum height of about 1 foot.  The alignment of this levee was 
designed to be just east of the existing water supply pipeline (the pipeline alignment to 
the water tower appears as an opening in the trees).  

North Creel Bay Area 

There is one area that requires levee closure in the North Creel Bay area:  t ieback of the 
north end of the existing Stage 1A levee.  Only the baseline alignment was analyzed for 
this extension of the existing levee:  extending the levee along the existing alignment to 
high ground.  The existing levee is located underneath a gravel roadway (extending north 
from Highway 19).  It  was assumed for this analysis that this levee tieback would extend 
north along the roadway and that the roadway would be maintained as part of the levee 
construction.  The total length that is required for this t ieback levee would be about 
500 feet, with a maximum height of about 3 feet.   

Highway 2 Tieback Segment 

This levee extends from the east end of the existing levee to the 1460 contour, a total 
length of about 270 feet and a maximum height of about 3 feet.  The levee will extend 
generally straight out from the existing alignment. 

Highway 2 Segment 1 

The Highway 2 levee Segment 1 connects high ground in a low area east of the City of 
Devils Lake.  The lake will encroach on the Highway 2 roadway embankment at 1454 
(although it  does not overtop the road).  There is one culvert underneath Highway 2 in 
this area that would act as a conduit for flows.  Closure of this area with a top of levee at 
1460 is required to maintain the integrity of the Devils Lake levee system.  One 
alternative levee is still being considered for this closure, however it  would require 
construction of the levee within the existing ND DOT right-of-way for ND Highway 2. 

The following table summarizes the levee lengths and heights to raise the top of levee to 
1460 for AL1 (existing Stage 1 and Stage 2 levees are not shown): 

AL1 

Area Segment 
Length of Levee 

(feet) 
Maximum Levee 

Height (feet) 
2 700 3 

T ieback A 170 3 
T ieback B 20 3 Lakewood 

T ieback C 667 5 
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AL1 

Area Segment 
Length of Levee 

(feet) 
Maximum Levee 

Height (feet) 
2 1,700 3 
3 170 1 Acorn Ridge 

Tieback 80 3 
North Creel Bay T ieback 500 3 

1 1,800 9 Highway 2 T ieback 270 3 

 

4.2.3.1 Site Geology 

Refer to the Alternative Alignment Study (Barr, January 2002). 

4.2.3.2 Hydrology/Interior Drainage issues 

Refer to the Alternative Alignment Study (Barr, January 2002). 

4.2.3.3 Real Estate Requirements 

Refer to the Alternative Alignment Study (Barr, January 2002). 

4.2.3.4 Env ironmental/Cultural issues 

This section summarizes the environmental issues related to the City of Devils Lake 
based upon summary of Alternative Alignment Study.   

HTRW 

Current land uses surrounding the tieback and closure levee alignments in Devils Lake 
were studied in 2001 and summarized in the following report by Barr Engineering:  
HTRW Assessment, Devils Lake, North Dakota, prepared for the Corps of Engineers, 
September 2001.  These alignment areas appear to be mixed residential/commercial in 
the Lakewood and Acorn Ridge areas and rural in the Highway 2 and North Creel Bay 
areas.  Land uses have not changed significantly since the 1960s.  Several structures or 
land uses were identified as potential environmental risks.  The risk of encountering a 
widespread release requiring major environmental remediation is minimal.  Minor 
releases, resulting in isolated areas of contaminated soil, will likely be encountered 
during levee construction.  It  is recommended that a contingency plan for managing 
petroleum-contaminated soil and releases from transformers be in place prior to 
construction. 

The following is a list of notable observations and findings that may present an 
environmental risk at each study area: 
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•  Lakewood Area 

− Septic holding tanks, transformers, private water supply wells, and ASTs or 
potentially USTs for fuel oil are or may be present at the private residences. 

− A residence formerly occupied by an auto mechanic may have been used for auto 
repair.  The parcel appears to have a gasoline AST and is currently used for 
carpentry. 

− The Chautauqua and railroad may have been sources of releases. 

− Stressed vegetation and disturbed soil were observed. 

− Housekeeping issues, including debris piles, were observed at many residences. 

− Abandoned lots may have formerly used private water supply wells, septic tanks, 
fuel oil tanks, and transformers.   

•  Acorn Ridge Area 

− Septic holding tanks, transformers, private water supply wells, and ASTs or 
potentially USTs for fuel oil are or may be present at private residences. 

− Abandoned debris, including automobiles, a pile of miscellaneous tires, metal 
docks, and scrap metal, were observed along the alignment. 

− Vegetative stress and stained soil near an area with abandoned automobiles. 

− A yellow AST with unknown contents was observed near the bin of snowmobile 
signs. 

− Abandoned drums with antifreeze and unknown contents and nearby stressed 
vegetation were observed along the proposed alignment. 

•  Highway 2 Area 

− Potential presence of septic tanks, private water supply wells, and AST or 
potentially UST fuel oil tanks is likely at the park and nearby farms. 

− Mertens farm appears to have chemical storage, anhydrous ammonia tank, 
abandoned tanks, grain elevator, large machinery maintenance, farm machinery 
debris, and potential presence of transformers. 

− Gasoline AST was observed at Shelvers Grove park. 
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•  North Creel Bay Area 

− No environmental concerns were identified in this study area.  The site is located 
in close proximity to the airport, which is the only adjacent property with the 
potential for significant releases.  A potential release at the airport is not expected 
to affect the proposed alignment area. 

Cultural Resources 

A cultural resources analysis was not conducted for this feature because it  was completed 
before as part of the Alternative Alignment Study.  The following paragraphs summarize 
the cultural resources results of that investigation. 

A Phase 1 Cultural Resources survey of the original levee alignments was conducted in 
2001.  In the Alternative Alignment Study, the tieback and closure segments and their 
alternatives were analyzed.  Known cultural resources sites were identified within these 
corridors.  Shovel testing was then performed in selected areas to determine the presence 
of sites.  No cultural sites were identified during shovel testing along these alignments.  
However, the survey did identify approximately 20 structures that appear to have been 
constructed over 50 years ago, and may qualify for inclusion in the National Register of 
Historic Places.  These structures are all located in the Chautauqua area within the 
Lakewood alignments, however none of those alternative alignments are included in the 
baseline segments that are being constructed.  The Chautauqua area has much historical 
significance for the City of Devils Lake.  

Environmental 

The following information on environmental impacts was taken from the Corps 
Environmental Assessment for the Devils Lake Levee Raise Project. 

Levee construction would primarily affect urban land.  Some areas of grasslands, oak 
forest land and wetlands would also be affected.  These areas have limited wildlife value 
due to their proximity to residential areas or from being subjected to grazing.  Temporary 
work areas would be restored to their pre-project condition.  In areas that would not be 
protected with riprap, the levees would be seeded with native species of grasses resulting 
in a small gain in grassland area.  The locally preferred alignment for Acorn Ridge 
(Segment 4a) would require the removal of approximately 5 acres of trees.  Other 
alignments, evaluated during the study, would require only minor amounts of tree 
removal.  T rees would be replaced on a two-for-one basis. 

There are about 33 acres of wetlands in the project area.  Of approximately 2.2 acres that 
would be affected, about 1.2 acres of wetlands would be permanently filled by levee 
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construction.  Mitigation would replace the lost wetland values.  The local sponsor (City 
of Devils Lake) and the Devils Lake office of the FWS have agreed to develop a wetland 
restoration/enhancement plan for the wetland impacts in conjunction with the levee 
project.  This could involve the inclusion of wetland features in a 5.3-acre interior 
drainage ponding area, restoration of degraded wetlands in the vicinity, or some other 
mutually acceptable plan.  The project is not expected to affect the FWS wetland 
easements.  Based on a recommendation from the FWS, if the interior drainage ponding 
areas were designed with wetland features, several culverts would be placed upright and 
designed to provide nesting habitat for waterfowl. 

The potential borrow areas are upland sites.  Most sites have already been used as sources 
of borrow material.  If a site were not an active source of material, it would be surveyed 
for natural and cultural resources before being approved for use.  The topsoil would be 
stripped and replaced following excavation.  Depending on the final disposition of the 
site, the areas would be reseeded or returned to pre-project conditions. 

The project would not affect the biodiversity of the area or fragmentation of the habitat.  
The project is located in a primarily residential environment.  The project follows the 
alignment of the existing levee to a large degree.  Impacts would be minimized through 
good project design and the mitigation of adverse effects on wetlands. 

No critical habitat is located in the project area, and none of the threatened or endangered 
species are known to nest near the project site.  The levee raise/extension would have no 
effects on any listed threatened or endangered species. 

4.2.3.5 Effects on Existing Infrastructure and Utilities 

Refer to the Alternative Alignment Study (Barr, January 2002). 

4.2.3.6 Interdependencies  

The City of Devils Lake is the primary center of activity for the Devils Lake area, 
providing much of the necessary services for the entire surrounding rural community.  
Therefore, it  is interdependent with the entire surrounding community.  The protection of 
the City of Devils Lake is related to the protection of the highways and railroads that 
serve it .  These features include: 

•  Feature 10: Canadian Pacific Railroad 

•  Feature 11: Burlington Northern Railroad (Along US Highway 2) 

•  Feature 13: US Highway 2 
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•  Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281) 

•  Feature 18: ND Highway 19  

•  Feature 20: ND Highway 20 (North of the City of Devils Lake) 

•  Feature 21: ND Highway 20 (City of Devils Lake Levee to ND Highway 57) 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) 

These highways are critical for Devils Lake in that they provide the main transportation 
routes in and out of the community. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.2.3.7 O&M 

Refer to the Alternative Alignment Study (Barr, January 2002). 

4.2.3.8 Lead Time Required 

Planning and implementation of flood protection measures must begin well in advance of 
the time when lake water would actually be causing damage to the feature.  The lead time 
will depend on the time needed to plan and implement the flood protection measure.  For 
the City of Devils Lake, estimates of required times for the levee construction are as 
follows:  

•  Time required for planning and design – a lead time of about twelve months would 
be necessary for final design, preparation of construction documents and bidding.  
Planning and design will be completed by the spring of 2003. 

•  Time required for construction – it  was assumed that raising the existing City of 
Devils Lake Stage 1A and 2A levees could be completed in one construction season, 
and the remaining tiebacks and closures could be completed in the second 
consecutive construction season.  

•  The total t ime between initiation of final design and substantial completion of 
construction was assumed to be in the range of 30 to 36 months. 

Lead time estimates were provided by the Corps.  

4.2.3.9 Potential Problems and Risks 

Refer to the Alternative Alignment Study (Barr, January 2002). 
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4.2.3.10 Data Deficiencies 

Refer to the Alternative Alignment Study (Barr, January 2002). 

4.2.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 2, an abbreviated method was necessary for 
examining the costs of infrastructure protection at action levels above the first .  The 
estimated costs at action levels subsequent to the first  were taken directly from the 
Economic Analysis, and are presented in Table 4.2-2b.  No additional analyses were 
completed and no changes were made to the unit costs.  Levee raise costs for the 
subsequent action levels do not include any geological/geotechnical considerations, 
environmental quantities and costs, or real estate. 

Estimates of benefits—damages prevented—for subsequent action levels were also 
obtained from the Economic Analysis, no further analyses were completed.  The damage 
estimates for all action levels are shown in Table 4.2-1.   

4.2.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study’s analysis of the first  action level, the flood 
damage estimates for the City of Devils Lake were reassessed in order to update and more 
accurately characterize the nature of the damages.  Damages estimates for subsequent action 
levels were obtained directly from the Economic Analysis.  The updated damage computations 
for the City of Devils Lake are summarized in the accompanying Table 4.2-1.   

The damages that would occur if no flood protection were provided include damages to 
structures, utilit ies, city property, cemeteries, and the airport that are currently protected by the 
existing levees.   

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  An updated (as of 2002) list  of assumptions regarding the damage computations, data 
sources, and other aspects of the economic analysis for the City of Devils Lake is listed in the 
City of Devils Lake Infrastructure Protection Study Assumptions listing, attached to this Section 
4.2. 

Costs:  The updated costs of providing the first  action level of flood protection to the City of 
Devils Lake are detailed in the accompanying Table 4.2-2a (based on data from the Alternative 
Alignment Study, 2002).  Unit prices, data sources, and relevant assumptions are listed.  All costs 
for the first  action level are given in 2002 dollars.  The costs for subsequent action levels are 
listed in Table 4.2-2b (based on data from the Economic Analysis).   
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The total estimated cost for raising the City of Devils Lake levees to provide flood protection to 
Lake Elevation 1454 was $6.3 million in the economics evaluation for the Infrastructure 
Protection Study.  These costs include environmental impacts (HTRW and natural resources) and 
utility modifications.  A detailed feasibility cost estimate was also prepared in MCACES using 
existing available information.  These project costs and contingencies were priced at December 
2002 price levels.  This estimate resulted in a total estimated cost of $7.2 million.  A summary 
table from the MCACES estimate is provide in Table 4.2-2c.  Note that the MCACES total cost 
differs from the cost used in the Infrastructure Protection Analysis.  However, this difference is 
not expected to change the economic justification for this feature.  A more detailed write-up is 
provided in the Cost Data section of the supporting documentation for this report.   

The construction costs for levee tiebacks and closure sections for the first  action level are listed 
by levee segment in Table 4.2-2a.  These costs also include environmental impacts (HTRW and 
natural resources) and utility modifications. 

Unit prices for the cost computations at the first  action level were discussed previously in Section 
4.0, and are detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, 
and other aspects of the economic analysis for the City of Devils Lake are listed in the City of 
Devils Lake Infrastructure Protection Study Assumptions listing, attached to this Section 4.2. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.2-2).  Contingencies for riprap, removals, and seed were estimated at the higher end 
of the range because of the potential variability in the quantities and unit prices. 

4.2.5 Economic Results 
The flood protection strategy that was analyzed was incremental levee raises, which is 
highlighted on the decision tree (Figure 4.2-2).  The results of the Infrastructure Protection Study 
for the City of Devils Lake are listed in Table 4.2-3a for the analysis of all action levels and in 
Table 4.2-3b for the analysis of the first action level. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for the City of Devils Lake, the Infrastructure Protection 
Study’s analysis provided relevant economic indices for three incremental levee raises.  The 
results for all action levels are shown on the Economic Results table (Table 4.2-3a).  The annual 
net benefits for this approach were greater than zero ($365,200).  The BCR for this approach was 
greater than one (1.30).  These results indicate that this strategy is economically justified.  The 
stochastic results are averages over 10,000 traces.  

The net benefits computed in the Infrastructure Protection Study are significantly less than those 
computed in the Economic Analysis.  The primary reason for the reduction in net benefits is the 
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increase in the damage elevation, so that damages are incurred later than the construction costs.  
In some traces, the costs are incurred and the lake level never reaches the damage level. 

Multiple  Action Level Results for Specific Scenarios:  Three incremental levee raises were also 
analyzed under each of three specific climate futures.  For the City of Devils Lake, the economic 
indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of three incremental 
levee raises were $6,972,700, and the BCR was 2.84, indicating that this strategy was 
economically justified. 

•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
three incremental levee raises were -$1,485,800, indicating that this strategy was not 
economically justified.  Under this future, levee raises were implemented, however, the lake 
level never reached the first  damage level. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of three incremental levee raises were $3,814,700, and the BCR was 2.55, indicating 
that this strategy was economically justified. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for the City of Devils Lake, the Infrastructure Protection 
Study’s analysis also provided relevant economic indices for one incremental levee raise.  These 
results are shown on the Economic Results table (Table 4.2-3b).  

The annual net benefits for this approach were greater than zero ($1,294,000).  The BCR for this 
approach was greater than one (5.74).  These results show that this strategy is economically 
justified.  The stochastic results are averages over 10,000 traces. 

The results for the first  action level indicate economic justification for this feature, similar to the 
results computed for all action levels for this feature, but indicate higher net benefits.  The higher 
net benefits are attributable to the first  action level damages that are very high compared to 
subsequent action levels and the costs that are relatively minor at the first action level (because 
the base does not need to be expanded).  

First Action Level Results for Specific Scenarios:  One incremental levee raise was also 
analyzed under each of three specific climate futures.  For the City of Devils Lake, the economic 
indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of one incremental levee 
raise were $10,392,400, and the BCR was 29.46, indicating that this strategy was 
economically justified. 
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•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
one incremental levee raise were -$180,100, indicating that this strategy was not 
economically justified.  The levee raise was implemented, however, the lake level never 
reached the first  damage level. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of one incremental levee raise were $5,915,500, and the BCR was 17.07, indicating 
that this strategy was economically justified. 

 













DAMAGES

Action 
Level

AL1
AL2
AL3

DAMAGE BREAKDOWN

Quantity Units Unit Value Quantity Units Unit Value Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)

Assessed Residential and Commercial 1 LS $160,120,000 $160,120 Assessed Residential and Commercial 1 LS $45,104,000 $45,104 Assessed Residential and Commercial 1 LS $20,297,000 $20,297
Churches and Schools 1 LS $7,540,000 $7,540 Churches and Schools 1 LS $0 $0 Churches and Schools 1 LS $0 $0
Utilities 1 LS $36,715,000 $36,715 Utilities 1 LS $10,342,000 $10,342 Utilities 1 LS $4,654,000 $4,654
Airport 1 LS $11,837,000 $11,837 Airport 1 LS $0 $0 Airport 1 LS $0 $0
City Property 1 LS $3,069,000 $3,069 City Property 1 LS $865,000 $865 City Property 1 LS $389,000 $389
Cemetary 1 LS $4,448,000 $4,448 Cemetary 1 LS $0 $0 Cemetary 1 LS $0 $0

$223,729 $56,311 $25,340

Table 4.2-1

Flood Damages

Feature 2: City of Devils Lake

Devils Lake Infrastructure Protection Study

Total

Description

Structure Elevation Range Structures and Infrastructure

$223,729
(MSL) (THOUSANDS)

Below 1457
1457-1462 $56,311
1462-1464 $25,340

Structure Elevation 1457-1462Structure Elevation Below 1457
Description

Total

Structure Elevation 1462-1464
Description

Total

P:\34\36\020\Cost Tables\2002 Detailed Tables\UPDATED FeatureDamages_2002.xls
1/9/2003
2:42 PM



STRATEGY COSTS BY ACTION LEVEL 

Strategy: L(1)

Action Level
Cost to Incrementally Raise Levee 

at L(1)
(THOUSANDS)

AL1 $6,327

COST BREAKDOWN

Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS)
Incremental Lakewood Segment 2 - Raise Top of Levee to El. 1460
Levee Raise Performance/Payment Bond 1 JB $291 10% $0

Levee Construction
Clearing and Grubbing 1.0 AC $3,000 30% $4
Stripping (1') 584 CY $1.50 30% $1
Removals 1 JB $2,000.00 50% $3
Inspection Trench 0 LF $4.00 30% $0
Levee Fill 886 CY $5.00 30% $6
Bedding 238 CY $35 30% $11
Riprap 238 CY $40 40% $13
Sand Drain 0 CY $22 30% $0
Topsoil (4") 598 CY $2.50 30% $2
Seed 1.1 AC $1,000 50% $2

$42
Golf Course Tieback Segment A - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $154 10% $0
Levee Construction
Clearing and Grubbing 0.3 AC $3,000 30% $1
Stripping (1') 227 CY $1.50 30% $0
Removals 1 JB $1,000.00 50% $2
Inspection Trench 0 LF $4.00 30% $0
Levee Fill 597 CY $5.00 30% $4
Bedding 121 CY $35 30% $6
Riprap 121 CY $40 40% $7
Sand Drain 0 CY $22 30% $0
Topsoil (4") 440 CY $2.50 30% $1
Seed 0.8 AC $1,000 50% $1

$22
Golf Course Tieback Segment B - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $11 10% $0
Levee Construction
Clearing and Grubbing 0.0 AC $3,000 30% $0
Stripping (1') 22 CY $1.50 30% $0
Removals 1 JB $100.00 50% $0
Inspection Trench 0 LF $4.00 30% $0
Levee Fill 20 CY $5.00 30% $0
Bedding 10 CY $35 30% $0
Riprap 10 CY $40 40% $1
Sand Drain 0 CY $22 30% $0
Topsoil (4") 21 CY $2.50 30% $0
Seed 0 AC $1,000 50% $0

$2
Golf Course Tieback Segment C - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $430 10% $0
Levee Construction
Clearing and Grubbing 0.4 AC $3,000 30% $2
Stripping (1') 791 CY $1.50 30% $2
Removals 1 JB $900.00 50% $1
Inspection Trench 667 LF $4.00 30% $3
Levee Fill 1,734 CY $5.00 30% $11
Bedding 380 CY $35 30% $17
Riprap 380 CY $40 40% $21
Sand Drain 0 CY $22 30% $0
Topsoil (4") 599 CY $2.50 30% $2
Seed 1.1 AC $1,000 50% $2

$62
Acorn Ridge Segment 2 - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $938 10% $1
Levee Construction
Clearing and Grubbing 2.3 AC $3,000 30% $9
Stripping (1') 1,813 CY $1.50 30% $4
Removals 1 JB $5,000.00 50% $8
Inspection Trench 0 LF $4.00 30% $0
Levee Fill 3,191 CY $5.00 30% $21
Bedding 830 CY $35 30% $38
Riprap 830 CY $40 40% $46
Sand Drain 0 CY $22 30% $0
Topsoil (4") 1,494 CY $2.50 30% $5
Seed 2.8 AC $1,000 50% $4

$135
Acorn Ridge Segment 3 - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $35 10% $0
Levee Construction
Clearing and Grubbing 0.2 AC $3,000 30% $1
Stripping (1') 57 CY $1.50 30% $0
Removals 1 JB $500.00 50% $1
Inspection Trench 0 LF $4.00 30% $0
Levee Fill 41 CY $5.00 30% $0
Bedding 21 CY $35 30% $1
Riprap 21 CY $40 40% $1
Sand Drain 0 CY $22 30% $0
Topsoil (4") 138 CY $2.50 30% $0
Seed 0.3 AC $1,000 50% $0

$5
Acorn Ridge Tieback - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $38 10% $0
Levee Construction
Clearing and Grubbing 0.1 AC $3,000 30% $0
Stripping (1') 30 CY $1.50 30% $0
Removals 1 JB $300.00 50% $0
Inspection Trench 0 LF $4.00 30% $0
Key Trench Subcut 236 CY $2.75 30% $1
Levee Fill 47 CY $5.00 30% $0
Key Trench Impervious Core 236 CY $5.85 30% $2
Bedding 12 CY $35 30% $1
Riprap 12 CY $40 40% $1
Sand Drain 0 CY $22 30% $0
Topsoil (4") 69 CY $2.50 30% $0
Seed 0.1 AC $1,000 50% $0

$5
North Creel Bay Tieback - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $202 10% $0
Levee Construction
Clearing and Grubbing 0.7 AC $3,000 30% $3
Stripping (1') 740 CY $1.50 30% $1
Removals 1 JB $1,500.00 50% $2
Inspection Trench 0 LF $4.00 30% $0
Levee Fill 1,070 CY $5.00 30% $7
Bedding 128 CY $35 30% $6
Riprap 128 CY $40 40% $7
Sand Drain 0 CY $22 30% $0
Topsoil (4") 442 CY $2.50 30% $1
Seed 0.8 AC $1,000 50% $1
Aggregate Base Course 187 CY $20 30% $5

$34
Highway 2 Segment 1 - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $2,141 10% $2
Levee Construction
Clearing and Grubbing 2.3 AC $3,000 30% $9
Stripping (1') 3,164 CY $1.50 30% $6
Removals 1 JB $5,000.00 50% $8
Inspection Trench 1,800 LF $4.00 30% $9
Levee Fill 12,065 CY $5.00 30% $78
Impervious Core 490 CY $5.85 30% $4
Bedding 1,477 CY $35 30% $67
Riprap 1,477 CY $40 40% $83
Sand Drain 0 CY $22 30% $0
Topsoil (4") 1,809 CY $2.50 30% $6
Seed 3.4 AC $1,000 50% $5
Culverts 410 LF $50 50% $31

$308
Highway 2 Tieback - Raise Top of Levee to El. 1460
Performance/Payment Bond 1 JB $187 10% $0
Levee Construction
Clearing and Grubbing 0.3 AC $3,000 30% $1
Stripping (1') 260 CY $1.50 30% $1
Removals 1 JB $800.00 50% $1
Inspection Trench 0 LF $4.00 30% $0
Key Trench Subcut 750 CY $2.75 30% $3
Levee Fill 437 CY $5.00 30% $3
Key Trench Impervious Core 750 CY $5.85 30% $6
Bedding 110 CY $35 30% $5
Riprap 110 CY $40 40% $6
Sand Drain 0 CY $22 30% $0
Topsoil (4") 239 CY $2.50 30% $1
Seed 0.4 AC $1,000 50% $1

$27
Environmental Impacts
HTRW 1 LS $62
Cultural Resources 1 LS $0
Natural Resources 1 LS $2
Utility Modifications 1 LS $131

$838
Engineering and Design 15% $126
Supervision and Administration 8% $67
Real Estate Acquisition for ROW 1 LS $183

$5,114
$6,327

ANNUAL OPERATION AND MAINTENANCE COSTS

Action Level Levee Maintenance Pump O&M

AL1 $6 $0 $6
(THOUSANDS)

Subtotal Levee Construction

Subtotal Levee Construction

Subtotal Levee Construction

Subtotal Levee Construction

Subtotal Levee Construction

Total Operation and 
Maintenance Cost

Total Levee

Subtotal

Subtotal Levee Construction

Subtotal Levee Construction

Raise Existing Levee

Subtotal Levee Construction

Subtotal Levee Construction

Table 4.2-2a

Flood Protection Costs
Feature 2: City of Devils Lake

Subtotal Levee  Construction

L(1) AT AL1

Devils Lake Infrastructure Protection Study

P:\34\36\020\Cost Tables\2002 Detailed Tables\UPDATED FeatureCosts_2002.xls
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Action 
Level

AL2
AL3

COST BREAKDOWN

Strategy Quantity Units Unit Value Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS)

Incremental Levee Raise
Levee Performance/Payment Bond 1 JB $142,935 $143 Performance/Payment Bond1 JB $89,802 $90

Clearing & Grubbing 20 AC $1,925 $39 Clearing & Grubbing 10 AC $1,925 $19
Removals 20 AC $825.00 $17 Removals 10 AC $825.00 $8
Stripping 106,000 CY $1.25 $133 Stripping 16,000 CY $1.25 $20
Inspection Trench 8,500 LF $3.75 $32 Inspection Trench 8,500 LF $3.75 $32
Impervious Fill 3,199,751 CY $4.40 $14,079 Impervious Fill 456,940 CY $4.40 $2,011
Bedding 86,051 CY $35.00 $3,012 Bedding 98,826 CY $35.00 $3,459
Riprap 161,362 CY $45.00 $7,261 Riprap 185,299 CY $45.00 $8,338
Sand Drain 185,000 CY $20.00 $3,700 Sand Drain 0 CY $20.00 $0
Topsoil (4") 107,852 CY $1.25 $135 Topsoil (4") 25,029 CY $1.25 $31
Seed 201 AC $900 $181 Seed 47 AC $900 $42
Pump Station 0 EA $1,000,000 $0 Pump Station 0 EA $1,000,000 $0

$28,730 $14,051
Contingency (30%) $8,619 Contingency (30%) $4,215
Subtotal w/ Contingency $37,349 Subtotal w/ Contingency $18,266
Engineering and Design (6%) $2,241 Engineering and Design (6%) $1,096
Supervision and Administration (10%) $3,735 Supervision and Administration (10%) $1,827

$43,325 $21,188
$45,924 $22,460
$45,925 $22,427

Pump Modifications I JB $21 Pump Modifications 1 JB $2,944,000 $2,944
Runway Extensions I JB $530

$46,476 $25,371

ANNUAL OPERATION AND MAINTENANCE COSTS

Action 
Level

AL2
AL3

STRATEGY COSTS BY ACTION LEVEL 

Table 4.2-2b

Flood Protection Costs
Feature 2: City of Devils Lake

Devils Lake Infrastructure Protection Study

$11
$7

Levee Maintenance
(THOUSANDS)

2001 Total (add inflation)
2001 Adjusted Total

1998 Total

Description

$25,371

L(3)

Raise Levee at AL2, AL3

$46,476
(THOUSANDS)

Total Total

L(2)

1998 Total

Subtotal

2001 Adjusted Total
2001 Total (add inflation)

Subtotal

Description
L(3)
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Date:

Prepared By: Carrie Ryan, Barr Engineering Co.

File Name: P:\34\36\021\Costest\[MCASES_OUTPUT_12_20_02.xls]Table 4.2-2c

CWBS Estimated
No. Units Quantity Unit Cost Total Cost Percent Amount Total Cost

100 Reach 1 LS 1 $2,120,289.39 $2,120,289 27% $573,018 $2,693,308

100900 01 Real Estate LS 1 $2,400.00 $2,400 0% $0 $2,400

100850 02 Utility Relocations LS 1 $78,000.00 $78,000 0% $0 $78,000

100100 11 Clearing and Grubbing JOB 1 $5,329.03 $5,329 35% $1,865 $7,194
100150 11 Removals JOB 1 $4,337.59 $4,338 50% $2,169 $6,506
100200 11 Stripping CY 1,780 $2.81 $5,006 25% $1,252 $6,258
100250 11 Impervious Fill CY 57,111 $4.98 $284,664 30% $85,399 $370,063
100350 11 Geotextile Fabric SY 17,454 $1.98 $34,532 30% $10,359 $44,891
100400 11 Bedding CY 12,936 $29.66 $383,736 30% $115,121 $498,857
100450 11 Riprap CY 23,579 $36.63 $863,726 30% $259,118 $1,122,844
100600 11 Topsoil CY 7,792 $3.01 $23,420 30% $7,026 $30,446
100650 11 Seeding AC 15.0 $1,293.73 $19,406 30% $5,822 $25,228
100700 11 Aggregate Surfacing CY 1,187 $24.78 $29,412 30% $8,824 $38,236

Subtotal Construction Cost $1,653,569 $496,954 $2,150,523

100950 30 Planning, Engineering, and Design 15% LS 1 $248,035.29 $248,035 20% $49,607 $297,642

100960 31 Construction Management 8% LS 1 $132,285.49 $132,285 20% $26,457 $158,743

100800 32 HTRW Mitigation LS 1 $4,200.00 $4,200 0% $0 $4,200

100750 33 Natural Resources Mitigation LS 1 $1,800.00 $1,800 0% $0 $1,800

200 Reach 2 LS 1 $2,895,900.77 $2,895,901 28% $813,153 $3,709,054

200900 01 Real Estate LS 1 $1,200.00 $1,200 0% $0 $1,200

200100 1 Clearing and Grubbing JOB 1 $1,611.10 $1,611 35% $564 $2,175
200150 11 Removals JOB 1 $1,363.24 $1,363 50% $682 $2,045
200200 11 Stripping CY 290 $2.81 $816 25% $204 $1,020
200230 11 Key Trench Subcut CY 986 $1.84 $1,814 25% $453 $2,267
200250 11 Impervious Fill CY 54,597 $4.98 $272,133 30% $81,640 $353,773
200280 11 Key Trench Impervious Core CY 986 $10.21 $10,072 30% $3,021 $13,093
200350 11 Geotextile Fabric SY 50,000 $1.98 $98,922 30% $29,677 $128,598
200400 11 Bedding CY 19,697 $29.66 $584,296 30% $175,289 $759,584
200450 11 Riprap CY 36,481 $36.63 $1,336,341 30% $400,902 $1,737,244
200600 11 Topsoil CY 7,781 $3.01 $23,387 30% $7,016 $30,403
200650 11 Seeding AC 14.5 $1,293.73 $18,759 30% $5,628 $24,387

Subtotal Construction Cost $2,349,513 $705,076 $3,054,588

200950 30 Planning, Engineering, and Design 15% LS 1 $352,426.92 $352,427 20% $70,485 $422,912

200960 31 Construction Management 8% LS 1 $187,961.03 $187,961 20% $37,592 $225,553

200800 32 HTRW Mitigation LS 1 $4,200.00 $4,200 0% $0 $4,200

200750 33 Natural Resources Mitigation LS 1 $600.00 $600 0% $0 $600

300 Lakewood Levee LS 1 $242,642.39 $242,642 5% $11,413 $254,056

300900 01 Real Estate LS 1 $131,200.00 $131,200 0% $0 $131,200

300850 02 Utility Relocations LS 1 $23,000.00 $23,000 0% $0 $23,000

300100 11 Clearing and Grubbing JOB 1 $3,717.93 $3,718 35% $1,301 $5,019
300150 11 Removals JOB 1 $2,478.62 $2,479 50% $1,239 $3,718
300200 11 Stripping CY 584 $2.81 $1,642 25% $411 $2,053
300250 11 Impervious Fill CY 886 $4.98 $4,416 30% $1,325 $5,741
300400 11 Bedding CY 238 $29.66 $7,060 30% $2,118 $9,178
300450 11 Riprap CY 238 $36.63 $8,718 30% $2,615 $11,334
300600 11 Topsoil CY 598 $3.01 $1,797 30% $539 $2,337
300650 11 Seeding AC 1.1 $1,293.74 $1,423 30% $427 $1,850

Subtotal Construction Cost $31,254 $9,976 $41,230

200950 30 Planning, Engineering, and Design 15% LS 1 $4,688.10 $4,688 20% $938 $5,626

200960 31 Construction Management 8% LS 1 $2,500.32 $2,500 20% $500 $3,000

300800 32 HTRW Mitigation LS 1 $50,000.00 $50,000 0% $0 $50,000

400 Acorn Ridge A Levee LS 1 $155,987.14 $155,987 23% $35,677 $191,664

400900 01 Real Estate LS 1 $32,400.00 $32,400 0% $0 $32,400

400100 11 Clearing and Grubbing JOB 1 $8,675.17 $8,675 35% $3,036 $11,711
400150 11 Removals JOB 1 $6,196.55 $6,197 50% $3,098 $9,295
400200 11 Stripping CY 1,813 $2.81 $5,099 25% $1,275 $6,374
400250 11 Impervious Fill CY 3,191 $4.98 $15,905 30% $4,772 $20,677
400400 11 Bedding CY 830 $29.66 $24,621 30% $7,386 $32,008
400450 11 Riprap CY 830 $36.63 $30,404 30% $9,121 $39,525
400600 11 Topsoil CY 1,494 $3.01 $4,490 30% $1,347 $5,838
400650 11 Seeding AC 2.8 $1,293.73 $3,622 30% $1,087 $4,709

Subtotal Construction Cost $99,014 $31,122 $130,136

400950 30 Engineering and Design 15% LS 1 $14,852.09 $14,852 20% $2,970 $17,823

Table 4.2-2c

Reference No.

Flood Protection Costs -- Devils Lake Levee Raise
(MCACES Construction Cost Estimate Summary)

Contingencies

1/10/03 12:30 PM

Description

Feature 2: City of Devils Lake
Devils Lake Infrastructure Protection Study



Date:

Prepared By: Carrie Ryan, Barr Engineering Co.

File Name: P:\34\36\021\Costest\[MCASES_OUTPUT_12_20_02.xls]Table 4.2-2c

CWBS Estimated
No. Units Quantity Unit Cost Total Cost Percent Amount Total Cost

Table 4.2-2c

Reference No.

Flood Protection Costs -- Devils Lake Levee Raise
(MCACES Construction Cost Estimate Summary)

Contingencies

1/10/03 12:30 PM

Description

Feature 2: City of Devils Lake
Devils Lake Infrastructure Protection Study

400960 31 Construction Management 8% LS 1 $7,921.11 $7,921 20% $1,584 $9,505

400800 32 HTRW Mitigation LS 1 $1,200.00 $1,200 0% $0 $1,200

400750 33 Natural Resources Mitigation LS 1 $600.00 $600 0% $0 $600

500 Acorn Ridge B Levee LS 1 $36,777.81 $36,778 4% $1,560 $38,337

500900 01 Real Estate LS 1 $600.00 $600 0% $0 $600

500850 02 Utility Relocations LS 1 $30,000.00 $30,000 0% $0 $30,000

500100 11 Clearing and Grubbing JOB 1 $867.52 $868 35% $304 $1,171
500150 11 Removals JOB 1 $619.66 $620 50% $310 $929
500200 11 Stripping CY 57 $2.81 $160 25% $40 $200
500250 11 Impervious Fill CY 41 $4.99 $204 30% $61 $266
500400 11 Bedding CY 21 $29.66 $623 30% $187 $810
500450 11 Riprap CY 21 $36.63 $769 30% $231 $1,000
500600 11 Topsoil CY 138 $3.01 $415 30% $124 $539
500650 11 Seeding AC 0.3 $1,293.73 $388 30% $116 $505

Subtotal Construction Cost $4,047 $1,373 $5,420

500950 30 Engineering and Design 15% LS 1 $607.05 $607 20% $121 $728

500960 31 Construction Management 8% LS 1 $323.76 $324 20% $65 $389

500800 32 HTRW Mitigation LS 1 $1,200.00 $1,200 0% $0 $1,200

600 Highway 2 Levee LS 1 $245,232.19 $245,232 28% $68,524 $313,757

600900 01 Real Estate LS 1 $3,600.00 $3,600 0% $0 $3,600

600100 11 Clearing and Grubbing JOB 1 $8,675.17 $8,675 35% $3,036 $11,711
600150 11 Removals JOB 1 $6,196.55 $6,197 50% $3,098 $9,295
600200 11 Stripping CY 3,164 $2.81 $8,899 25% $2,225 $11,123
600250 11 Impervious Fill CY 12,065 $4.98 $60,137 30% $18,041 $78,178
600300 11 Impervious Core CY 490 $5.79 $2,837 30% $851 $3,688
600400 11 Bedding CY 1,477 $29.66 $43,814 30% $13,144 $56,958
600450 11 Riprap CY 1,477 $36.63 $54,104 30% $16,231 $70,335
600600 11 Topsoil CY 1,809 $3.01 $5,437 30% $1,631 $7,068
600650 11 Seeding AC 3.4 $1,293.73 $4,399 30% $1,320 $5,718

Subtotal Construction Cost $194,498 $59,577 $254,075

600950 30 Engineering and Design 15% LS 1 $29,174.66 $29,175 20% $5,835 $35,010

600960 31 Construction Management 8% LS 1 $15,559.82 $15,560 20% $3,112 $18,672

600800 32 HTRW Mitigation LS 1 $1,200.00 $1,200 0% $0 $1,200

600750 33 Natural Resources Mitigation LS 1 $1,200.00 $1,200 0% $0 $1,200

2002 Preliminary DL Levee Raise LS 1 $5,696,829.69 $5,696,830 26% $1,503,346 $7,200,175

Notes:
1. The quantities are a culmination of Reach 1A and Reach 2A quantities provided by the Corps as well as some levee segments and tiebacks developed
  in Barr's 2002 Alignment Study.
2. Natural Reources and HTRW Mitigation and Real Estate costs were developed from the 2002 Alignment Study. Contingencies have already been included 
   in the lump sum costs.
3. Utility relocations include water, sewer, electric utility, telephone, and gas lines.  Information and costs for the utility modifications was used from
  the 2002 Alignment Study.  
4. The quantities obtained from the Corps of Engineers for Reach 1A and 2A do not include costs for removal of existing features of work such as bedding, riprap,
  topsoil, aggregate surface course or any other features of work.  It is assumed that these features of work have not yet been constructed.
5. The cost of the items for which quantities were not developed is anticipated to be less than 5% of the total project cost and do not need to be itemized separately.



Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $1,581,700 $1,581,700 $0 $0 --

L(3) 3 Levee Raises $1,212,100 $4,500 $0 $1,216,500 $0 $0 $1,581,700 $365,200 1.30

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $10,757,600 $10,757,600 $0 $0 --

L(3) 3 Levee Raises $3,776,600 $8,200 $0 $3,784,900 $0 $0 $10,757,600 $6,972,700 2.84

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $0 $0 $0 $0 --

L(3) 3 Levee Raises $1,483,000 $2,800 $0 $1,485,800 $0 $0 $0 -$1,485,800 --

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $6,283,400 $6,283,400 $0 $0 --

L(3) 3 Levee Raises $2,462,800 $6,000 $0 $2,468,700 $0 $0 $6,283,400 $3,814,700 2.55

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES
(Annual)

Wet Future Scenario (WF-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.2 - 3a

Economics Results: All Action Levels -- to Lake Level 1463

Stochastic Analysis (ST-9)

Feature 2: City of Devils Lake
Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $1,567,100 $1,567,100 $0 $0 --

L(1) 1 Levee Raise $269,500 $3,600 $0 $273,100 $0 $0 $1,567,100 $1,294,000 5.74

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $10,757,600 $10,757,600 $0 $0 --

L(1) 1 Levee Raise $362,700 $2,500 $0 $365,200 $0 $0 $10,757,600 $10,392,400 29.46

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $0 $0 $0 $0 --

L(1) 1 Levee Raise $177,700 $2,500 $0 $180,100 $0 $0 $0 -$180,100 0.00

Total Benefits Net Benefits Benefit - Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I= G/D
No Protection No Protection or Relocation $0 $0 $0 $0 $6,283,400 $6,283,400 $0 $0 --

L(1) 1 Levee Raise $362,700 $5,300 $0 $368,000 $0 $0 $6,283,400 $5,915,500 17.07

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES
(Annual)

Wet Future Scenario (WF-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.2 - 3b

Economics Results:  First Action Level

Stochastic Analysis (ST-9)

Feature 2: City of Devils Lake
Devils Lake Infrastructure Protection Study

L:\34\36\020\UpdatedAl1Analysis\DLIP_Econ_Summary_2002UpdatedAL1.xls
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Attachment to 4.2: 
City of Devils Lake Economic Analysis Assumptions 

A. General Assumptions 
1. The area included in the City of Devils Lake feature is the land currently protected by the levees and 

the area within the Devils Lake city limits. 

2. Existing levees have been built  to elevation 1457.  Plans and specifications for the construction of the 
levee raises to 1460 have been prepared during 2002. 

3. The value of land outside of the Devils Lake city limits was estimated to be $400 per acre (Corps of 
Engineers, April, 2001). 

4. The values of the properties described below were determined in 1998.  These values were updated 
for inflation by multiplying them by 1.09, which accounts for an inflation rate of 3% per year from 
1998 to February 2001.  This inflation rate was obtained from the Devils Lake City Assessor. 

a. The value of land for airport relocation was estimated at $500 per acre in 1998.  The updated 
value is $545 per acre. 

b. The estimated value of commercial property within the Devils Lake city limits was $10,000 per 
acre in 1998.  The updated value is $10,900 per acre. 

c. The estimated value of parkland within the Devils Lake city limits was $5,000 per acre in 1998.  
The updated value is $5,450. 

5. The costs for HTRW, Cultural Resources, Natural Resources, and Utility Modifications were taken 
directly from the Alternative Alignment Study (Barr, January 2002). 

6. Costs for Real Estate ROW ($183,000) were based on information from the Corps of Engineers.  The 
data from the Alternative Alignment Study was not used. 

7. Feature 2 generally describes AL1 levee raise to 1460. 

B. Levees 
1. It  was assumed that the existing levees are built  with adequate base to raise the levee to 

elevation 1460.  The parameters used to design the existing levees allow for a 15-foot top width at 
elevation 1460. 

2. The freeboard for the existing levee is 5 to 6 feet with the top of levee at 1457.  The freeboard for the 
levee raise to 1460 will be 6 feet. 
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3. This report only analyzed detailed levee raises to 1460 for AL1.  Costs and damages for AL2 and 
AL3 were obtained from the Economic Analysis of Devils Lake Alternatives.  The features analysis 
model and benefit  cost ratios were based on action levels to full height (AL1, AL2, and AL3). 

4. The quantities for the levee raises on Table 4.2-2 were taken directly from the Alternative Alignment 
Study, Barr, January 2002, with the unit prices for the Infrastructure Protection Study applied to these 
quantities.  Some of the levees from the Alternative Alignment Study included items that have not 
been included in the levees for the Infrastructure Protection Study.  These items include quantities for 
removals, impervious core, key trench subcut, and key trench impervious core.  In these cases, the 
unit prices from the Alternative Alignment Study were used. 

5. The quantities for clearing and grubbing were adjusted so the quantity multiplied by the Infrastructure 
Protection Study unit price ($3,000) would equal the clearing and grubbing total price (per job) from 
the Alternative Alignment Study. 

6. The cost of stripping additional topsoil between each levee raise was considered to be incidental.  The 
cost of stripping topsoil to extend the levee on undisturbed ground was included. 

7. Seed quantity assumed to be the same as the topsoiled area. 

8. Levee quantities assume total volume of new topsoil added at each levee raise (new topsoil may 
include topsoil salvaged from previous levee construction—the unit price of any salvaged topsoil 
assumed to be the same as for new topsoil). 

9. Levee quantities assume the 5 feet of riprap along the top of the levee would be salvaged and reused 
at each levee raise.   

10. For levee raises, the lake damage elevation was assumed to be one-half the height of its freeboard. 

C. Residential and Commercial Properties  
1. Damages were taken from the Alternative Alignment Study (Barr, January 2002) and from the 

Economic Analysis of Devils Lake Alternatives.  Damages were redistributed based on the revised 
structure elevations shown for AL1, AL2, and AL3 in Table 4.2-1. 

2. In 1998, the assessed values of residential and commercial structures were obtained from the 
municipal GIS database.  These values were increased based on data from the City of Devils Lake 
Assessor for the period from 1998 to February 2001.  Values were multiplied by a factor of 1.075 (to 
account for new development of 2.5% per year) and a factor of 1.09 (to account for inflation of 3% 
per year). 

3. On the 1994 USGS quadrangle map, small buildings outside the Devils Lake city limits were 
assumed to denote single residential dwellings.  Each square was counted as a single residence, unless 
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field investigation indicated otherwise (i.e., structure was already gone or abandoned or the structure 
was a garage instead of residential dwelling).  Additional residences that were not indicated on the 
quadrangle map were counted based on visits to the city. 

4. Subdivision boundaries in the Creel Township area were identified based on visits to the city (Devils 
Lake Creel Township Levee Assessment, Barr Engineering Company, August 20, 1997).  Average 
values of residences within these boundaries were obtained from the 1997 report.  These values were 
multiplied by a factor of 1.075 (to account for new development of 2.5% per year) and a factor of 
1.09 (to account for inflation of 3% per year) for the increase during the period from 1998 to February 
2001. 

5. The value of residences outside of the Devils Lake city limits (described in item number 3 above) 
were estimated based on the 1998 residential average within the city (from the municipal GIS 
database).  These values were multiplied by a factor of 1.075 (to account for new development of 
2.5% per year) and a factor of 1.09 (to account for inflation of 3% per year) for the increase during 
the period from 1998 to February 2001.  Specific assumptions for the 1998 values included: 

a. If a residence was part of “small tracts of land” in the Midland Atlas, the average value used for 
the residential dwelling was $41,950 (lot value and improvement value).  The updated value is 
$49,950. 

b. If a residence was on land with an identified owner in the Midland Atlas, the lot value was 
estimated by multiplying the parcel size shown in the Midland Atlas by $300 per acre (the 
agricultural land value).  This lot value was added to $34,664 per residential dwelling, the 
estimated average improvement value, to give a total value for lot and improvements.  The 
updated values are $400 per acre for lots and $40,620 for improvements. 

c. In the absence of flood protection measures, damages were assumed to occur at the lowest 
elevation at which a residential structure was affected by rising lake levels.  Land could be 
affected at lower elevation but this land loss was not included until the dwelling was affected.  
Seepage into basements was not considered. 

6. On the 1994 quadrangle map, larger plain rectangles (not small squares) outside the Devils Lake city 
limits were assumed to denote commercial buildings.  Each rectangle was counted as a single 
commercial building. 

7. Commercial buildings outside of the Devils Lake city limits were assumed to have average values 
based on the 1998 commercial average within the city (from the municipal GIS database). These 
values were multiplied by a factor of 1.075 (to account for new development of 2.5% per year) and a 
factor of 1.09 (to account for inflation of 3% per year) for the increase during the period from 1998 to 
February 2001.  Specific assumptions for the 1998 values included:   
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a. If a commercial building was part of “small tracts of land” in the Midland Atlas, the average 
value of the commercial building used was $94,785 (lot value plus improvement value).  The 
updated value is $111,060. 

b. If a commercial building was on land with an identified owner in the Midland Atlas, the lot value 
was estimated by multiplying the parcel size shown in the Midland Atlas by $300 per acre (the 
agricultural land value).  This lot value was added to $74,743 per commercial building (the 
estimated average improvement value) to give an estimated total value of lot and improvement.  
The updated values are $400 per acre for lots and $87,580 for improvements. 

c. In the absence of flood protection measures, damages were assumed to occur at the lowest 
elevation at which a structure was affected by rising lake levels.  Land could be affected at lower 
elevations but these losses were only included at the elevation at which the structure began to be 
affected. 

8. The area identified as “Bible Camp” on the 1994 quadrangle map was outlined based on field 
observation (Lakewood Bible Camp).  The structures within the Lakewood Bible Camp boundaries 
were not included in the above residential or commercial values. 

a. All but one small building (small square on topographical map) was at an elevation greater than 
1465.  Although the buildings in the Camp are on high ground, the Bible Camp would be 
surrounded by the lake without the existing levee and it  would not have access.   

b. The replacement cost of the Bible Camp was assumed to be the insured value of the structures.  In 
1998, the insured value was $2,462,000.  This value was multiplied by a factor of 1.09, to account 
for inflation of 3% per year, during the period from 1998 to February 2001.  The updated value is 
$2,683,580.   

9. The value of the golf course was assumed to be $2,300,000 (Devils Lake Creel Township Levee 
Assessment, Barr Engineering Company, August 20, 1997).  This value is in 1998 dollars; therefore it 
was multiplied by a factor of 1.09, to account for inflation of 3% per year, during the period from 
1998 to February 2001.  The updated value is $2,500,000. 

10. Land in the Midland Atlas that had a total acreage, but did not have structures noted on the 
quadrangle map, was valued at $400 per acre (the agricultural land value as stated above). 

11. In the absence of flood protection measures, damages to structures were assumed to occur at the 
lowest elevation at which structures were affected, except as follows: 

a. Damages to the golf course were assumed to occur at the first  action level where the levee is not 
raised.  The golf course is protected by the city levee and damages would only happen if the levee 
was abandoned. 
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b. Damages to land that contains no structures or improvements were estimated to occur at the 
lowest elevation at which the land was affected.  Damages to land were grouped between action 
levels, and were assumed to occur when the water surface is 1 foot below the action level.  This 
may ‘front-end load’ the damages; however, only small parcels of land were analyzed for this 
feature, and the effects of this assumption are not expected to be significant.  Conversely, wave 
action could affect land several feet above the lake’s level and, therefore, actual damages might 
occur before the lake reaches the parcel’s lowest elevation. 

c. The Bible Camp is excepted as noted above. 

12. Land outside the city limits that is within the assumed levee alignment and above the maximum lake 
level would become isolated and inaccessible if the levee is not raised and the lake rises to 1463.  The 
values for the land and structures in these isolated areas were calculated and included as damages for 
relocation strategies.  Conversely, for strategies where levees remain in place, these amounts were 
included as damages prevented. 

13. In the absence of the existing levee, the subdivision located southwest of the intersection of 
Highway 20 and Ramsey County 1 would become isolated and surrounded by the lake above 
elevation 1440.  However, the access road is relatively short and the costs of raising the access would 
be minimal compared to the costs of relocating the subdivision.  Because Highway 20 within the 
levee is assumed to remain open with or without the levee in place, the area was assumed to have 
access even if the existing levee was removed.  For levee strategies, damages prevented for this area 
were assumed to occur at the elevation of the structures. 

14. All structures and property below elevation 1450 were grouped to compute damages in the absence of 
flood protection measures.   

15. In the absence of flood protection measures, damages to structures and property were assumed to be 
equal to the depreciated replacement values discussed above.  Conversely, if protection is provided, 
all or a portion of the potential damages would be treated as damages prevented. 

D. Public Properties 
1. The values and costs for the public property described below in items 2 – 6, were determined in 1998.  

These 1998 dollars were multiplied by a factor of 1.09 to account for inflation of 3% per year during 
the period from 1998 to February 2001.   This inflation rate was obtained in conversations with the 
Ramsey County Assessor and the City of Devils Lake Assessor. 

2. Estimated values for property owned by Ramsey County were based on telephone conversations with 
staff at the County Assessor’s office. 
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3. Estimated values for properties owned by the City of Devils Lake were based on telephone 
conversations with Gary Martinson, City Assessor. 

4. The value of public properties was based on the estimated insured replacement values of the 
structures. 

5. In the absence of flood protection measures, damages to the cemetery included 80 acres at $1,000 per 
acre and 8,000 burials at $500 each. The updated values are $1,090 per acre for land and $545 per 
burial for relocating. 

E. School and Churches  
1. All costs and values described below in items 2 – 6 were determined in 1998.  These 1998 dollars 

were multiplied by a factor of 1.075 (to account for new development of 2.5% per year) and a factor 
of 1.09 (to account for inflation of 3% per year) for the increase during the period from 1998 to 
February 2001.  These inflation rates were obtained in conversations with the City of Devils Lake 
Assessor. 

2. For schools and churches, insured values of the structure were used when available.  According to the 
City Assessor, insured replacement values are typically much greater than assessed values.  
Therefore, land values were not added to determine the total value.  Insured values for several schools 
were obtained from telephone conversations with the Devils Lake school administrator.  Insured 
values for several churches were obtained from telephone conversations with church administrators.  
All other school and church values were estimated using RS Means Building Construction Cost Data, 
56th Annual Edition, 1998.  If only total insured values were provided, the structure was assumed to 
have a value of 75% of the total insured value. 

3. Insured values included the value of only the structures.  The insured value of contents was not 
included in the insured value. 

4. In the absence of flood protection measures, damages were assumed to be 100% of insured value of 
the structure. 

F. Utilities  
1. The costs of relocating utilit ies described below in items 2 – 9 were obtained in 1998.  These 1998 

dollars were updated for inflation by multiplying it  by the ENR Construction Cost Index of 1.06.  
This accounts for 6% inflation during the period from 1998 to February 2001.  

2. Individual utility service connections were included with assessed lot values.  However, the cost to 
replace utility infrastructure was calculated separately for relocation strategies and to determine the 
benefit  provided for flood protection measures. 
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3. Gas main costs associated with relocation strategies were based on discussions with Montana Dakota 
Utilit ies (MDU) staff.  In the absence of flood protection measures, damages were assumed to equal 
the relocation or rebuild cost.  Costs were distributed on a per-user basis. 

4. Relocation costs for electrical infrastructure were based on conversations with Otter Tail Power staff.  
In the absence of flood protection measures, damages were assumed to equal the relocation cost. 

5. Relocation costs for telephone infrastructure were based on conversations with North Dakota 
Telephone Company staff.  In the absence of flood protection measures, damages were assumed to 
equal the relocation cost.  The costs did not include the cost of fiber optic cables.  Costs were 
distributed on a per-user basis. 

6. For relocation strategies, costs for the wastewater treatment system were based on conversations with 
the City Engineer and the City Assessor and on Environmental Protection Agency (EPA) construction 
costs.  The cost includes construction of a new wastewater treatment plant and distribution system 
and the closing of the existing lagoons.  In the absence of flood protection measures, damages were 
assumed to be 75% of the rebuild cost, due to depreciation of the existing system.  Although land 
application disposal was assumed in this study, the City Engineer indicated that a lagoon system may 
be required. 

7. For strategies that include levee protection, it  was assumed that the lagoons would continue to 
function as the lake continues to rise.  A brief analysis of groundwater in the area indicates that it  
would not affect the operation of lagoons in the area (Hydrogeology of the Shallow Water Table at the 
City of Devils Lake, North Dakota, North Dakota State Water Commission, 1998). 

8. For relocation strategies, costs for the water treatment system were based on conversations with the 
City Engineer and the City Assessor and on EPA construction costs.  The cost includes construction 
of a new plant, a 500,000-gallon water tower, a 3,000,000-gallon reservoir, four supply wells, and a 
distribution system.  The actual system may include tapping into and treating surface water.  
However, the scope of the study did not include review of specific treatment system alternatives.  In 
the absence of flood protection measures, advance replacement of infrastructure was assumed to be 
75% of the rebuild cost to factor in the effects of depreciation. 

9. For relocation strategies, costs for the storm sewer system were based on a conversation with the City 
Engineer.  The cost was based on converting the $7,000,000 upgrade performed in 1978 to 1998 costs 
using historical cost indexes (RS Means Building Construction Cost Data, 56th Annual Edition, 
1998).  The estimated cost to rebuild the system was $14,968,000.  The updated cost is $15,866,080.  
In the absence of flood protection measures, damages were assumed to be 75% of the rebuild cost due 
to depreciation.  The costs were distributed on a per-user basis. 



P:\34\36\020\Att 4.2.doc Att. 4.2-8 

G. Devils Lake Airport  
1. The costs to relocate the airport and build a runway extension, described below in items 2 – 6, were 

determined in 1998.  These costs were updated for inflation by multiplying the airport by a factor of 
1.09 (to account for an inflation rate of 3% per year) and the runway extension was multiplied by the 
ENR Construction Cost Index of 1.06 (to account for 6% inflation from 1998 to February 2001).  The 
inflation rate was obtained from the City of Devils Lake Assessor.  

2. Airport relocation costs were developed based on telephone conversations with the Airport District 
Engineer and the airport consultant at the firm of Kadrmis, Lee & Jackson. 

3. Airport relocation costs included 15% for various engineering, administrative, and environmental 
review costs.  In addition to engineering design, the relocation of the new airport would require 
detailed studies including preparation of an Environmental Impact Statement (EIS) to assess the 
social, economic and environmental effects of the project. 

4. Due to depreciation, the value of the existing airport (“damages prevented”) was assumed to be 75% 
of the value to relocate/rebuild. 
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4.3 Summary of Infrastructure Protection Investigation for 
Feature 3:  Fort Totten 

4.3.0 Flood Protection Strategy 
The Infrastructure Protection Study indicates that the flood protection strategy with the largest net 
benefits for Fort Totten would be incremental relocations. 

4.3.1 General Information  
Feature Type:  Community 

Location:  Fort Totten is located along the south side of Devils Lake on the Spirit  Lake Nation 
Reservation in Benson County.  The majority of the town is adjacent to Highway 57 just 
northeast of the intersection of Highway 57 and BIA Highway 1.  The accompanying Figure 
4.3-1 shows the feature’s location, location of structures, approximate extents, and the inundation 
extents at the three reference lake levels (1447, 1454, and 1463). 

Description:  Fort Totten is an unincorporated community of 952 people (based on 2000 census). 

Significance:  The value of all communities is high because of the density of infrastructure in this 
primarily rural section of North Dakota.  Although Fort Totten has not been significantly affected 
by the rising lake level to date, it  is a relatively large community and a major center of activity for 
the Spirit Lake Nation. 

Damages:  The flooding of Fort Totten would result  in the following damages: 

•  Loss of the Siaka Pump (sanitary lift) Station. 

•  Loss of the Veterans Memorial. 

•  Loss of seven (7) residences. 

•  Access to the Sullys Hill National Game Preserve (Sullys Hill) facility located immediately 
east of Fort Totten.  Flooding would result  in loss of the access road to the facility and the 
loss of several structures including the visitor center, maintenance shops and houses. 

O wner/Sponsor:  The Spirit  Lake Nation is responsible for managing and maintaining Fort 
Totten. 

Lead Federal Agency:  The Corps of Engineers would take the lead for any flood protection 
work that may take place to protect Fort Totten.  The Federal Emergency Management Agency 
(FEMA) would coordinate relocation of structures. 
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4.3.2 Feature Protection 
History of Flood Protection:  

•  Sewage Lagoons:  In the past, flood protection for Fort Totten has consisted of relocating the 
sewage lagoons.  Sioux Utility operates two sewage lagoons consisting of seven cells.  The 
west sewage lagoon, consisting of four new cells, was constructed on higher ground west of 
Fort Totten.  The east sewage lagoon, consisting of three cells near the lake, had a majority of 
the wastewater removed by pumping into the new west sewage lagoon, according to Neil 
Austin of the Spirit Lake Nation Indian Health Service.  A direct pipeline still exists from the 
east sewage lagoon to the new west sewage lagoon.  The pipeline serves two purposes: 

1. To pump the remaining wastewater from the old east lagoons to the new west lagoons 

2. To be used in case of an emergency where the new west lagoons would be unusable 

Carolyn Greene of the Sioux Utility confirmed that the large cell (eastern lagoon) is currently 
used for emergency operation about two to three times per year.  The two smaller cells have 
been out of service for three years.  Therefore, it  was assumed that the east sewage lagoon 
will not be needed during flooding events and can be abandoned if necessary. 

•  Sullys Hill National Game Preserve (Sullys Hill):  According to Joe Maxwell, Refuge 
Manager, two structures located near Sweetwater Lake have been abandoned or relocated.  
One of these buildings was moved to higher ground during October 2002.  The FWS pumps 
Sweetwater Lake to minimize potential flooding.  Sweetwater Lake, located immediately 
north of the visitor center, is important for managing the elk and bison herd.  Some of the 
FWS maintenance facilit ies have been moved from Sullys Hill to Lake Alice National 
Wildlife Refuge.  According to Roger Hollevoet, FWS, the current dike/access road at Sullys 
Hill has been raised on two different occasions for a total of 13 feet of vertical rise.  Their 
engineers recommended that the FWS no longer raise the Sullys Hill dike, as it would 
become a high hazard dam versus a dike.  As a result , it  was recommended that the FWS 
relocate the entrance to the Sullys Hill facilit ies and all of the structures. 

General Protection Strategy:  The Infrastructure Protection Study’s analysis for Fort Totten 
allowed for reconsideration of flood mitigation options at each of several action levels. Flood 
protection options for Fort Totten included:  

•  Construction of levees to protect structures along the northeast side of Fort Totten.  
Construction of the levees would also include relocation of one isolated structure.  Extending 
the levee to protect this house would require an additional 500 feet of levee. 

•  Relocation of the affected residences. 
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•  Relocation of the Sullys Hill National Game Preserve structures.  Constructing a levee to 
protect the Sullys Hill National Game Preserve facility would require 2,500 feet of levee, a 
new access road, and an internal pump station.  The FWS determined that an additional raise 
to the existing levee/access road to protect the existing facility was not feasible, therefore the 
levee option was not pursued further at this location.  The proposed master plan includes 
relocating the facility approximately 0.5 miles north and constructing a new access road off 
of ND Highway 57.  In addition, some of the maintenance building will be relocated to the 
Lake Alice National Wildlife Refuge.  The FWS has not obtained funding for the master plan.  
Initial funds, for a portion of the project, were diverted to fighting wildfires in the western 
United States during the summer of 2002. 

Protection Strategy by Action Level:  A variety of flood protection strategies were analyzed for 
Fort Totten.  These strategies are represented on Figure 4.3-2 as separate branches of the decision 
tree.  As shown on Figure 4.3-2, the stepwise approach to flood protection for Fort Totten 
consisted of the following: 

1. At Action Level 1 (AL1), a decision would be made as to whether the structures between 
1449 and 1454 should be relocated or a levee constructed to protect these structures.  One 
residence, all of the Sullys Hill facilit ies and Sullys Hill access road would be relocated under 
either strategy. 

2. If a levee were constructed at AL1, at Action Level 2 (AL2), a decision would be made as to 
whether to raise the levee or relocate all structures below 1459.  Under the relocation 
strategy, the Siaka Pump (lift) Station would need to be relocated at AL2. 

3. If a levee were raised at AL2, at Action Level 3 (AL3), a decision would be made as to 
whether to raise the levee or relocate all structures below 1464.  Under the relocation 
strategy, the four residences between 1459 and 1464 would need to be relocated. 

The Features Analysis Model was then used to determine which of the flood protection paths 
through the branches of the decision tree—which incremental flood protection strategy—had the 
largest net benefits.  That strategy is highlighted on Figure 4.3-2, and consists of the following: 

1. At Action Level 1 (AL1), the structures impacted between 1449 and 1454 would be 
relocated.  This includes one residence, all of the Sullys Hill facilit ies and relocating the 
access road. 

2. At Action Level 2 (AL2), the Siaka Pump (lift) Station would need to be relocated. 

3. At Action Level 3 (AL3), four residences would need to be relocated. 
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Therefore, the first  increment of protection would include the relocation of structures between 
1449 and 1454.  The pertinent reference elevations for the flood protection strategies are given 
below: 

Reference Elevations for Structure Relocations (AL1) 
Elevation Name Significance 

1449 Low Structure Elevation Ground elevation at isolated structure 
1448 Lake Damage Elevation Lake elevation at which damage to 

lowest structure begins 
NA Project Completion Elevation Lake elevation at which structure 

relocation must be complete 
NA Construction Initiation Elevation Lake elevation at which structure 

relocation must begin 
NA Planning and Design Initiation Elevation Lake elevation at which planning and 

design process must begin 

 

Reference Elevations for Siaka Pump (Lift) Station Relocation (AL2) 
Elevation Name Significance 

1454 Low Structure Elevation Ground elevation at structure 
1454 Lake Damage Elevation Lake elevation at which damage to 

lowest structure begins 
1454 Project Completion Elevation Lake elevation at which structure 

relocation must be complete 
1453 Construction Initiation Elevation Lake elevation at which structure 

relocation must begin 
1453 Planning and Design Initiation Elevation Lake elevation at which planning and 

design process must begin 

 

Reference Elevations for Structure Relocations (AL3) 
Elevation Name Significance 

1460 Low Structure Elevation Ground elevation at lowest structure 
1459 Lake Damage Elevation Lake elevation at which damage to 

lowest structure begins 
NA Project Completion Elevation Lake elevation at which structure 

relocation must be complete 
NA Construction Initiation Elevation Lake elevation at which structure 

relocation must begin 
NA Planning and Design Initiation Elevation Lake elevation at which planning and 

design process must begin 
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Reference Elevations for Levee Construction (AL1) 
Elevation Name Significance 

1451 Low Structure Elevation Ground elevation at lowest structure 
protected by levee 

1450 Lake Damage Elevation Lake elevation at which damage to 
lowest structure would occur 

1448 Project Completion Elevation Lake elevation at which levee 
construction must be complete (ground 
elevation to construct in dry) 

Current Construction Initiation Elevation Lake elevation at which levee 
construction must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

Reference Elevations for Levee Raise  (AL2) 
Elevation Name Significance 

1455 Low Structure Elevation Low point on top of levee  
1454 Lake Damage Elevation Lake elevation at which damage to 

levee begins (assumed to be ½ height 
of freeboard) 

1452 Project Completion Elevation Lake elevation at which levee raise 
construction must be complete 

1450 Construction Initiation Elevation Lake elevation at which levee raise 
construction must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

Reference Elevations for Levee Raise  (AL3) 
Elevation Name Significance 

1460 Low Structure Elevation Low point on top of levee 
1459 Lake Damage Elevation Lake elevation at which damage to 

levee begins (assumed to be ½ height 
of freeboard) 

1457 Project Completion Elevation Lake elevation at which levee raise 
construction must be complete 

1456 Construction Initiation Elevation Lake elevation at which levee raise 
construction must begin 

1454 Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 
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4.3.3 Design Considerations   

4.3.3.0 General Design  

Alignment 

The general plan for flood protection at Fort Totten would include the construction of a 
levee that is divided at Highway 57, as shown on Figure 4.3-1. 

Levee 3A-North would be constructed along the east side of the Fort Totten north of 
Highway 57.  Levee 3A-South would be constructed along the east side of the Fort Totten 
south of Highway 57.  Levee 3A would protect 6 structures located in a low area along 
Highway 57.  Levee 3A would also protect the Veterans Memorial and the Siaka pump 
station.  One isolated structure located immediately north of the proposed levee will need 
to be relocated.   

The table below provides a summary of the levees for Fort Totten: 

 Levee Lengths (Feet) 
Levee (AL1)  (AL2) (AL3) 

3A-North 750 750 750 
3A-South 750 900 950 

 
Cross-section 

Figure 4.3-3 shows a typical cross-section of the proposed levees.   

The top widths for the levees were assumed to be 15 feet (10 feet of compacted fill and 
5 feet of riprap tie-in).  The side slopes are 3H:1V on the interior (land side) of the levee.  
The side slopes on the lake side of the levee vary depending on the location and depth of 
water: 4H:1V and  6H:1V (as noted on Figure 4.3-4).  The elevations of the tops of the 
two levees vary depending on wave height and required freeboard.  The top and interior 
side of the levees would be covered with 4 inches of topsoil and seeded.  

An impervious core was designed for all levees.  Sand drains were assumed to be 
included for all levees with a height of 9 feet or greater at the maximum levee height 
(sand drains would need to be constructed during initial levee construction even though 
initial levee heights would be less than 9 feet).  The top of the sand drain layer would be 
4 feet wide.  The sand drain would then slope down at a 1H:1V slope and be 2 feet thick 
along the rest of its length (depending on the height of the levee).  The actual sand drain 
elevations should be reviewed during final design and during construction of each levee 
addition. 
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Profile 

Figure 4.3-4 shows the profile of the proposed levees.  Levee 3A-North is 1 foot higher 
than Levee 3A-South due to additional wave protection provided by ND Highway 57.  
Three levee raises were designed for Fort Totten, based on the action levels and 
protection levels. 

The general design parameters are presented in the following table: 

Top of Levee Elevations2 

Levee 
Wind Induced 

Wave Height (Ft.) 
Freeboard 1 

(Ft.) 
3AL1 

4PL (1449-1454) 
AL2  

PL (1454-1459) 

AL3 
PL (1459-

1464) 
3A-North 2.4 4 1456 1461 1467 
3A-South 1.4 3 1455 1460 1466 

1 Freeboard calculated by  adding 1 foot to the wind-induced wave height (rounded up to the nearest whole foot). 
2 Top of levee elevations were determined by  adding the freeboard to the maximum protection level elevation. 
3 Action Level (AL)  
4 Protection Level (PL): Number in ( ) refers to elevation range for relocating structures.   

Materials   

It was assumed that the levees would be constructed from readily available native silty 
clay and clay loam.  These materials are relatively impermeable, and are suitable for 
levee construction.  An impervious core was also assumed for all levees. 

Erosion Protection 

The exterior side slopes of all levees will require erosion protection due to wave action.  
Riprap sizing and thickness was determined using COE methods described in EM1110-2-
1601, with wave height based on a COE Report t it led Devils Lake, North Dakota, Wind-
Induced Changes in Water Elevations, revised September 1998.  The riprap sizing was 
evaluated for various side slopes to determine the cost-effective exterior side slope for 
each alternative.  The average size of the riprap (D50) is 9 inches based on the fetch, depth 
of water, and the side slope.  Riprap thickness was designed to be 1.5 feet (18 inches) for 
the levees protecting this feature.  A 12-inch granular filter was assumed for bedding 
under the riprap for each of the levees.  The exterior (lake side) slopes are protected with 
riprap to the top of the levee, with a 5-foot tie-in.  The interior side slopes would not be 
protected with riprap. 

Construction Considerations 

All levees constructed to protect Fort Totten would be constructed as dams.  The top 
12 inches of ground surface would be stripped prior to construction for better adhesion 
between the ground and the levee.  A portion of the levee will require removal of 



P:\34\36\020\2002-3 4.3-8 

bituminous and subgrade material along 74th Avenue and across ND Highway 57.  An 
inspection trench would also be constructed for all levees to permit observation of the top 
6 feet of foundation materials. 

The alignment of the levees would require modification if the lake level rises prior to 
construction.  Constructions along alignments that are inundated are more difficult  and 
costly to construct.  It is also not feasible to examine the foundation when it  is under 
water, there is less control over the placement of material under the water, and quality 
control verification is limited.  Therefore, it  was assumed that the levees would be 
constructed in the dry.  Construction of Levee 3A-North and 3A-South may require a 
cofferdam along the upstream toe during initial levee construction to ensure construction 
in the dry if decisions are delayed or the lake rises faster.  After construction of the 
cofferdam, the interior water behind the cofferdam can be pumped out to facilitate 
examination of the foundation, stripping of the top layer of ground and construction of 
the inspection trench.  Cofferdam costs were not included in the Fort Totten cost 
estimate. 

4.3.3.1 Site Geology 

General 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overlay deposits of earlier glaciation or Cretaceous age bedrock.  Thin lacustrine deposits 
from prehistoric lake levels are also present in the Devils Lake basin.  All the glacial 
deposits in this area are part of the Coleharbor Formation. 

In the area of Fort Totten, the lacustrine deposits include soft lake bottom silt and clay 
and coarse sand to fine silty sand beach deposits.  The lake bottom deposits lie on the 
easily recognized lake plain.  These are mapped as the silt  and clay facies of the 
Coleharbor Formation.  The beach deposits, where present, are along the slope break 
surrounding the lake plain.  These deposits tend to be too small of an area to be shown on 
the county geologic map, but are apparent in the county soil maps.  The predominant 
glacial t ill deposits are generally composed of silty clay with sand, pebbles, cobbles, and 
boulders.  The till is yellowish brown in the oxidized zone in the uppermost 10 to 25 feet 
near the ground surface, and olive gray at depth.  The uneven surface, including closed 
basins, poorly developed drainage, and rounded hills are indications that the till is an ice 
margin and/or stagnation deposit .  West of Fort Totten, the till deposit  is described as a 
low-relief stagnation moraine.  East and south of Fort Totten, the till is part of the North 
Viking end moraine.  Well logs in the area of Fort Totten indicate that the glacial deposits 
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are 80 to over 300 feet thick.  Typical well logs include sections of sand and gravel 
within the clay till.  The bedrock is Cretaceous Pierre Shale.  

Foundations 

Based on past experience, the clay till is a good base for the levees.  The lakebed deposits 
may be too soft to provide adequate foundation for levees and pump stations, and the 
sand beach deposits would allow for water to flow beneath the levees.  Following is a 
summary of the soils beneath proposed Levee 3A: 

•  12B, 13C Barnes Svea loam; CL, CL-ML; till – Moderate to Severe:  low strength, 
frost action 

•  18E Buse loam; ML, CL, CL-ML; till – Severe:  low strength, slope  

•  101 Lallie loam; ML, CL; lake bed – Severe:  wetness, floods, low strength 

•  107 Minnewaukan loamy fine sand; SM, SM-SP; beach – Severe:  wetness, flooding 

It is likely that some of the potentially problematic soil can be excavated and replaced 
with new fill.  It  is possible that a cut-off trench (or equivalent element) may be needed to 
mitigate the sand deposits.  The cost estimate includes stripping the top foot of soil to 
remove potential problematic soil.  It  was assumed that a 1,740 square-foot slurry wall 
would be required to prevent seepage under the sand beach deposits, and was included in 
the cost estimate. 

Need for Borings/Additional Information 

Borings need to be completed in the areas of the sand beach deposits under both Fort 
Totten levees to determine their thickness.  A boring will need to be completed in the low 
point of Fort Totten Levee 3A to determine the thickness and nature of the lake bed 
deposit . 

Borrow Areas 

Any upland soil south and west of Fort Totten is likely to supply adequate material for 
impervious core and impervious fill.  If not already inundated, the coarse sand beach 
deposit  near Sullys Hill National Game Preserve may be a source for sand borrow 
material. 
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4.3.3.2 Hydrology/Interior Drainage issues 

Hydrology 

An analysis of the internal drainage system was completed to assist  with the sizing of an 
interior pump station to remove the accumulation of water from the interior area behind 
the levee.  The analysis investigated the amount of water expected from precipitation, 
seepage through the levees, and groundwater seepage underneath the levees.   

The interior drainage tributary watersheds were delineated using the USGS quadrangle 
maps and 1-foot LIDAR contours.  The tributary area inside the flood barrier is about 
800 acres and was divided into five subwatersheds.  The total ponding area was 
calculated to be 5 acres.  Land use in the tributary area is mainly grassland, with smaller 
portions of urban developments, woodland and cropland.  The hydrologic soil group of 
the area is C.  A curve number of 70 was assumed for all subwatersheds.   

Two alternatives were analyzed to protect Fort Totten against internal flooding: (1) a 
pump station near the levee to pump out the runoff due to the entire drainage area, and 
(2) a smaller pump station designed near the levee to pump the runoff from the northern 
subwatersheds and rerouting the drainage from the southern subwatershed (south of 39th 
Street) directly into Devils Lake.  The drainage diversion consists of one 24-inch RCP 
pipe, 2,200 feet in length and would route the runoff east, directly into the lake.  The 
addition of the drainage pipes reduces the peak inflow from 88 to 68 cfs. 

Pumping Requirements 

The interior drainage system was designed to provide a minimum of 1-foot freeboard 
during the 10-day 100-year event.  The design of the pump station was based on 
alternative 1, described above.  For this alternative, three pumps will be utilized, with 
operation starting at different water levels.  The capacities of the pumps are listed in the 
following table. 

•  Pump Characteristics – Fort Totten 

Pumps Flow (cfs) 

Elevation 
Top of 
Levee 

Minimum 
Pond Water 

Level 

Total 
Design 

Head (ft) 
Power 
(hp) 

1 20 1466 1445.5 20.5 69 
2 20 1466 1446 20 67 
3 25 1466 1446.5 19.5 82 
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4.3.3.3 Real Estate Requirements 

Right-of-way requirements for the levees are assumed to extend 15 feet beyond the toes 
of the embankments.  The 15-foot buffer will provide sufficient room for temporary 
construction activities and long-term maintenance access. 

4.3.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses surrounding the levees at Fort Totten appear to be mixed residential, 
commercial, and potentially industrial within Fort Totten, and rural residential outside of 
the community limits.  Land use does not appear to have changed significantly over time.  
From 1931 to 1951, the town had increased slightly with some additional buildings and 
roads.  In the 1950s and through 1967, the town still consisted of only a few buildings.  
By 1975, the town had doubled in size and has continued to grow slowly since.  
Surrounding land use is generally made of scattered rural residences, tree-covered land, 
and agricultural fields and has not significantly changed since the 1930s. 

The regulatory record review for Fort Totten (58370) was obtained from FirstSearch on 
September 25, 2002.  Five properties within the Fort Totten area were identified in the 
regulatory databases searched by FirstSearch, but none of the properties appear to be 
within the impact area.  One property located within the area of concern is the Sullys Hill 
National Wildlife Preserve.  The FWS has one registered underground storage tank.  
Although the exact location was not determined due to limited data, the UST is likely 
located in the relocation area.   

Six potential HTRW sites were identified within the levee action levels as shown on 
Figure 4.3-1.  A description of environmental concerns associated with these categories is 
in Section 4.0.  

HTRW Site  Costs 

Site # 

Action 
Level 

Affected HTRW Category HTRW Costs 
03-1-1 1 Rural Residences & Farmsteads $1,500 
03-1-2 1 Rural Residences & Farmsteads $1,500 
03-1-3 1 Rural Residences & Farmsteads $500 
03-2-4 2 Rural Residences & Farmsteads $500 
03-3-5 3 Rural Residences & Farmsteads $500 
03-1-6 1 Excavation or Fill Areas $4,500 

A more detailed description of site history and a breakdown of costs are in Appendix C. 
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A few structural relocations were evaluated for Fort Totten:  seven residences; one 
sanitary lift  station; and the Sullys Hill Facility, which includes a visitor center, a few gas 
tanks, a couple residences, and few maintenance buildings.  Each home would be placed 
into the Rural Residences & Farmsteads category and would have the same 
environmental concerns and costs associated with that category.  Determination of the 
location and removal of fuel tanks, septic systems, wells, and transformers is already 
included in the cost estimate for the relocation.  Sanitary lift  stations have the potential 
for release of nitrates and other substances disposed of into the sanitary sewer system.  
The UST referred to in the FirstSearch report is likely located with one of the 
maintenance buildings at Sully Hill.  A site investigation should be completed at the lift  
station and would cost $8,500.  The soil and groundwater quality surrounding the UST 
should be investigated prior to removal as part of the Phase II if the tank is greater than 
500 gallons or has been in the ground for greater than 10 years.  Otherwise the risk of a 
release is similar to the risk associated with home heating fuel USTs and the tank basin 
can be inspected when the tank is removed.  

Removal of the Sullys Hill Facility would fall under the Nonresidential Properties 
category and would have the same environmental concerns and costs as the 
Nonresidential Properties with a high potential for a release.  Determination of the 
location and removal of fuel tanks, septic systems, wells, and transformers is already 
included in the cost estimate for residential relocation.  A site investigation should be 
completed at the UST registered to the Sully Hill Facility and at the lift  station.  The total 
cost is estimated to be $18,500. 

Relocation HTRW Costs 
Action 
Level 

Affected Number 
Type of Items 

Relocated HTRW Category 
HTRW 
Costs 

3 Residences Rural Residences & Farmsteads none 1 
1 Sully Hill Facility Nonresidential Properties – Registered UST $10,000 

2 1 Sanitary Lift  
Station 

Nonresidential Properties  $8,500 

3 4 Residences Rural Residences & Farmsteads none 

 

Cultural 

This project has the potential to affect nine known sites and three site leads/isolated finds 
as shown on Figure 4.3-1.  Three of the nine known sites are archaeological sites related 
to the Fort Totten Historic Site and include the NRHP-listed Fort Totten Historic District 
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(32BE0011), the NRHP-listed Fort Totten historic archaeological site (32BE0011a), and 
the Fort Totten prehistoric archaeological site (32BE0011b), the NRHP-eligibility of 
which has not yet been determined.  Site 32BE0011b consists of an artifact scatter that 
may not have been formally investigated as no investigation type is listed for this site in 
the 1997 database.  A fourth archaeological site, 32BE0208, is a prehistoric 
archaeological site that was surface collected.  The eligibility of this site for listing on the 
NRHP has not been evaluated. 

The remaining five known sites that may be affected by the Fort Totten levee are 
architectural sites.  These include St. Thomas Episcopal Church (32BE0099), Seven 
Dolors Catholic Church (32BE0100), Dakota Baptist  Church (32BE0102), Cavalry 
Worship Center (32BE0104), and Sullys Hill Gate (32BE0114).  According to the site 
files for the four churches, these properties were recorded as part of the “Picture North 
Dakota Churches” project sponsored by the State Historical Society of North Dakota, but 
they were not evaluated for their potential eligibility for listing on the NRHP.  Site 
32BE0114 (Sullys Hill Gate), the gate to the Sullys Hill Game Preserve, was recorded 
during a Phase I cultural resources survey by the FWS.  This site was recommended as 
eligible to the NRHP for its association with the establishment of the preserve and for its 
unique construction (NDCRS Form, 32BE0114, on file at the SHSND). 

Three site leads/isolated finds may fall within the Fort Totten cultural resources area of 
potential effect.  The first  of these, 32BEX0024 (Hunt Monument), is listed in the 1997 
database as a historical archaeological site lead, with feature/structure type as “Clinic, 
Animal/Veterinarian,” and historical context as “Irrigation and Conservation.”  The 
second, 32BEX0123, is an isolated find, consisting of a single .45 caliber lead bullet.  
Site lead 32RYX0094 is a reported mound site that was excavated in 1889, but no details 
on the site were reported by the excavator (University of North Dakota Archaeology 
Survey Sheet, 32RYX0094, on file at the SHSND). 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 
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Feature 3 Fort Totten:  Evaluation Status of Known Cultural Resources 

Resource Type 

Resources Listed 
on or Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 

(Require Phase I Survey) 
Architectural  0 1 4 
Archaeological 2 0 2 
Architectural Site 
Leads/Isolated Finds 

0 0 0 

Archaeological Site 
Leads/Isolated Finds 

0 0 3 

Total 2 1 9 

 

The estimated cost to conduct Phase 1 Surveys for each of the nine sites is presented in 
the following table.  The total cost for all surveys is $76,800.  As noted in Section 4.0, 
these costs are believed representative of the cultural resources investigations needed for 
the next stage of study. 

Feature 3 Fort Totten:  Phase 1 Cultural Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0099 Phase I Architectural $6,200 
32BE0100 Phase I Architectural $6,200 
32BE0102 Phase I Architectural $6,200 
32BE0104 Phase I Architectural $6,200 
32BE0011b Phase I Archaeological $8,000 
32BE0208 Phase I Archaeological $8,000 
32BEX0024 Phase I Archaeological $14,000 
32BEX0123 Phase I Archaeological $8,000 
32RYX0094 Phase I Archaeological $14,000 

 
Environmental  

Fill used in the construction of the Fort Totten levees could cause environmental impacts 
due to encroachment upon upland plant communities, primarily to oak forest/woodlands 
and grasslands.  The acres of habitat impacted by land use category are shown on Figure 
4.3-1.  In these upland areas a loss of native plant species due to grading and filling could 
be expected to occur.  Subsequent revegetation of fill or borrow locations may allow for 
the introduction of weedy, non-native species.  A loss of native tree species due to 
grading and filling, as well as the introduction of weedy, non-native under-story species 
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could also be expected in these areas.  These environmental impacts are more fully 
detailed in the general impacts discussion Section 4.0. 

At Action Level 1 (AL1), a total of 2.72 acres of potential oak forest/woodland and 4.01 
acres of grasslands impacts are expected from the proposed levee construction.  The loss 
of woodland and grassland areas would impact songbird nesting and small mammal 
populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation.  Mitigation for the upland would require the acquisition of 5.45 acres of 
like woodland habitat and 8.02 acres of like grassland habitat. 

At Action Level 2 (AL2), a total of 0.67 acres of potential oak forest/woodland and 0.50 
acres of grasslands impacts are expected from the proposed levee construction.  The loss 
of woodland and grassland areas would impact songbird nesting and small mammal 
populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation.  Mitigation for the upland would require the acquisition of 1.35 acres of 
like woodland habitat and 1.01 acres of like grassland habitat. 

At Action Level 3 (AL3), a total of 0.45 acres of potential oak forest/woodland and 0.87 
acres of grasslands impacts are expected from the proposed levee construction.  The loss 
of woodland and grassland areas would impact songbird nesting and small mammal 
populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation.  Mitigation for the upland would require the acquisition of 0.90 acres of 
like woodland habitat and 1.74 acres of like grassland habitat. 

4.3.3.5 Effects on Existing Infrastructure and Utilities 

•  Levee 3A will cross Highway 57 (Highway 57 divides Levee 3A-North and Levee 
3A-South.  Highway 57 will need to be raised to provide protection. 

•  Levee 3A-South will result  in closing/abandoning a part of 74th Avenue N.E. 
immediately south of Highway 57. 

•  Levee 3A will provide protection for 40th Street N.E.  

•  Levee 3A will provide protection for the Siaka Pump (lift) Station. 

•  Levee 3A will provide protection for the Veterans Memorial. 

•  40th Street N.E. provides convenient access to structures located north and south of 
ND Highway 57.  In the event that Levee 3 is not constructed, 40th Street N.E. would 
be flooded at 1454.  Although, alternate routes would allow travel between structures 
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north and south of ND Highway 57, it  may be desirable to raise 40th Street N.E. to 
maintain this route.  

•  Utilit ies in the vicinity of Levee 3A North and 3A South should be reviewed in detail 
during final design. 

4.3.3.6 Interdependencies  

Fort Totten is the primary center of activity for the Spirit  Lake Nation, providing much of 
the necessary services for the tribe.  Therefore, it  is interdependent with the entire Spirit 
Lake Nation Reservation.  Flood protection for Fort Totten is related to the protection of 
the highways that serve it .  These highways include: 

•  Feature 13: US Highway 2 

•  Feature 14: ND Highway 57 (between ND Highway 20 and BIA Highway 1) 

•  Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281) 

•  Feature 16: US Highway 281 (South of US Highway 2) 

•  Feature 21: ND Highway 20 (City of Devils Lake Levee to ND Highway 57) 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) 

•  Feature 24: BIA Highway 6  

These highways are critical for Fort Totten in that they provide the main transportation 
routes in and out of the community.  Closing these highways would mean that Fort Totten 
would have to be relocated.  Conversely, if Fort Totten were relocated, the need to protect 
these highways would be reduced.  

The access to Sullys Hill National Game Preserve will be interdependent with access 
from ND Highway 57.  

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.3.3.7 O&M 

The annual costs for operation and maintenance of the pumps and levees were estimated 
using data from the City of Devils Lake levees and pumping stations obtained from the 
Corps.  



P:\34\36\020\2002-3 4.3-17 

The annual maintenance costs for the levees were assumed to be 1% of the initial 
construction cost.  The annual operation and maintenance cost for the pump station was 
assumed to be 1.5% of the pump station construction costs plus $13,000 for electricity. 

4.3.3.8 Lead Time Required 

Planning and implementation of flood protection measures must begin well in advance of 
the time when lake water would actually be causing damage to the feature.  The amount 
of lead time will depend on the amount of time needed to plan and implement the flood 
protection measure.  For Fort Totten, estimates of required times for the levee 
construction are as follows:  

•  Time required for planning and design – a lead time of about twelve months would 
be necessary for final design, preparation of construction documents and bidding 

•  Time required for construction – constructing the Fort Totten levees could be 
completed in one construction season 

•  The total t ime between initiation of final design and substantial completion of 
construction would be in the range of 18 to 24 months 

Lead time estimates were used along with the Corps-provided probability-based 
projection of the rate of rise of Devils Lake to produce the tables of critical lake levels 
presented in Section 4.0. 

However, for the relocations required for Fort Totten, no estimate of lead time was 
needed.  Current FEMA policies make relocations unlikely until damage to the structures 
actually occurs.  Relocations would be done on an as-needed basis, with no lead time 
provided, as presented in Section 4.3.2. 

4.3.3.9 Potential Problems and Risks 

Potential problems and risks associated with the levees and structure relocations include: 

•  Lake level:  delayed decisions or faster rising lake levels may require the construction 
of cofferdams in order to construct levees in the dry 

•  Utilit ies may need to be abandoned or relocated as part of the house relocations, 
Sullys Hill relocation, or levee construction 

•  Foundation soils may be too soft to provide adequate foundation for levees and pump 
stations 
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4.3.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with constructing 
the Fort Totten levees: 

•  Verify location, number, and elevation of homes that would need relocating. 

•  Collect soil borings along proposed levee alignment. 

•  Determine precise locations of above ground and buried utilit ies. 

•  Confirm low home:  a group of three footprints existed on 2000 FEMA LIDAR 
topography in vicinity of Levee 3A.  One of these footprints, located at 1448, did not 
appear to be an existing structure based on LIDAR notes.  This structure was not 
included in the Infrastructure Protection Study. 

•  Coordinate with FWS and its plan regarding Sullys Hill National Game Preserve. 

•  Locate and evaluate nearby cultural resources that were identified. 

•  Structures were assumed to be relocated when damages begin to occur to the 
structure (when lake level approaches ground elevation at structure).  Each structure 
to be relocated should be reviewed to confirm estimated ground elevation and to 
document when damages actually occur due to potential utilit ies, basements, low 
house openings, etc.   

4.3.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study’s analysis, the flood damage estimates for Fort 
Totten were reassessed in order to update and more accurately characterize the nature of the 
damages.  The updated damage computations for Fort Totten are summarized in the 
accompanying Table 4.3-1.  All damages were estimated up to the maximum lake level (elevation 
1463).  

The damages at AL1 include three residences and the Sullys Hill facility.  Discussions with Joe 
Maxwell, Refuge Manager and Roger Hollevoet, FWS indicate that facilit ies which will be lost or 
made inaccessible due to rising water include the Sullys Hill shop and visitor center, two 
Regional Environmental Learning Center classrooms, a carpenter shop, a cold storage building, a 
seed shed, the duck hospital/storage building, quarters #2 and #28, the Sullys Hill entrance road 
and access to the auto tour route, the lower loop of the auto tour route which surrounds 
Sweetwater Lake, three vault toilets, a comfort station storage building, a grain bin, bulk fuel and 
diesel tanks, the fire cache/storage building, the nature trail, fee station, handicapped accessible 
trail and the amphitheater.  
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The damages at AL2 would be related to the Siaka sanitary lift  station.   

The damages at AL3 would occur to four residences.  Damages to the Veterans Memorial would 
also occur at AL3, however these costs were not evaluated for this study.  

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  An updated (as of 2002) list  of assumptions regarding the damage computations, data 
sources, and other aspects of the economic analysis for Fort Totten are listed in the Fort Totten 
Infrastructure Protection Study Assumptions listing, attached to this Section 4.3. 

Costs:  The updated costs of providing flood protection for Fort Totten are detailed in the 
accompanying Table 4.3-2 for Fort Totten.  Unit prices, data sources, and relevant assumptions 
are listed.  All costs are given in 2002 dollars.  

The costs for the levee include the levee construction, geotechnical items, environmental issues, 
and an interior drainage system.  Pump costs were estimated from previous Devils Lake pumping 
stations and verified with other typical pumping station cost curves.  Costs for the levee strategy 
includes the relocation of structures at Sullys Hill (since they are outside the levee protection 
area).   

The costs for the relocation strategies include relocation of all structures. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-3.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for Fort Totten are listed in the Fort Totten Infrastructure 
Protection Study Assumptions listing, attached to this Section 4.3. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.3-2).  Contingencies for riprap and geotechnical items were estimated at the higher 
end of the range because of the potential variability in the quantities and unit prices. 

4.3.5 Economic Results 
Two flood protection strategies were analyzed for this feature for all action levels: incremental 
levee raise and incremental relocation.  The results of the Infrastructure Protection Study for Fort 
Totten are listed in Table 4.3-3a for the analysis of all action levels and in Table 4.3-3b for the 
analysis of the first  action level. 

Multiple  Action Level Stochastic Analysis Results:  The stochastic analysis indicated that 
incremental relocation was the flood protection strategy that showed the largest net benefits. This 
strategy is highlighted on the decision tree (Figure 4.3-2).  The average net benefits for this 
approach were less than zero (-$20,500).  The BCR for this approach was less than one (0.76).  
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These results show that this strategy is not economically justified. The annual damages prevented 
by this relocation strategy are $66,700. The stochastic results are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  All of the flood protection strategies 
were also analyzed under three specific climate futures.  For Fort Totten, the resulting economic 
indices for each of the three specific climate futures are as follows: 

•  Wet Future – For the wet future, the annual net benefits were -$65,600, and the BCR was 
0.76, indicating that this strategy was not economically justified.  The annual damages 
prevented by this relocation strategy are $211,500. 

•  First Moderate Future – For the first  moderate future, the annual net benefits were –$31,300, 
and the BCR was 0.77, indicating that this strategy was not economically justified.  The 
annual damages prevented by this relocation strategy are $102,200. 

•  Second Moderate Future – For the second moderate future, the annual net benefits were -
$52,200, and the BCR was 0.77, indicating that this strategy was not economically justified.  
The annual damages prevented by this relocation strategy are $170,400. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for Fort Totten, the Infrastructure Protection Study’s analysis 
also provided relevant economic indices for one incremental relocation of structures. 

The annual net benefits for this approach were less than zero (-$19,900).  The BCR for this 
approach was less than one (0.77).  These results show that this strategy is not economically 
justified.  The annual damages prevented by this relocation strategy are $64,800.  The stochastic 
results are averages over 10,000 traces. 

The results for the first  action level are similar to the results computed for all action levels for this 
feature. 

First Action Level Results for Specific Scenarios:  One incremental relocation of structures 
was also analyzed under each of three specific climate futures.  For Fort Totten, the economic 
indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of one 
incremental relocation of structures were -$60,200, and the BCR was 0.77, indicating that this 
strategy was not economically justified.  The annual damages prevented by this relocation 
strategy are $196,500. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of one incremental relocation of structures were -$31,300, and the BCR was 0.77, 
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indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $102,200. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of one incremental relocation of structures were -$50,400, and the BCR was 0.77, 
indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $164,400. 
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DAMAGES

Action 
Level

AL1
AL2
AL3

DAMAGE BREAKDOWN

Quantity Units Unit Cost Value Quantity Units
Unit 
Cost Value Quantity Units Unit Cost Value

(THOUSANDS) (THOUSANDS) (THOUSANDS)
Residence 3 EA $62,000 $186 Residence 0 EA $62,000 $0 Residence 4 EA $62,000 $248
Sullys Hill NGP - Access Road 1 LS $1,514,000 $1,514 Siaka Pump Station 1 EA $200,000 $200
Sullys Hill NGP - Buildings 1 LS $1,938,000 $1,938

$3,638 $200 $248Total

Table 4.3-1

Flood Damages
Feature 3: Fort Totten

Structure Elevation Range
Structures and 
Infrastructure

(MSL) (THOUSANDS)

Total

Description

Total

1454-1459
1459-1464

$200
$248

Devils Lake Infrastructure Protection Study

Structure Elevation 1449-1454 Structure Elevation 1454-1459

Description

$3,6381449-1454

Structure Elevation 1459-1464

Description
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S(3) L L(1)S

Action Level

Cost to Incrementally Relocate 
Structures

at AL1, AL2, AL3 Cost to Raise Levee at AL1

Cost to Incrementally Raise 
Levee at AL1, Relocate All 

Remaining Structures at AL2

AL1 $4,753 $9,983 $8,978
AL2 $260 $0 $5,366
AL3 $354 $0 $0

COST BREAKDOWN

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Incremental Residence 3 EA $68,000 30% $265 Residence 0 EA $68,000 30% $0 Residence 4 EA $68,000 30% $354
Relocation Sullys Hill NGP - Access Road 1 LS $1,514,000 30% $1,968 Siaka Pump Station 1 EA $200,000 30% $260

Sullys Hill NGP - Buildings 1 LS $1,938,000 30% $2,519
$4,753 $260 $354

Incremental Sully Hill National Game Preserve 3A North - Raise Top of Levee to El. 1461 3A North - Raise Top of Levee to El. 1467
Levee Raise Sullys Hill NGP - Access Road 1 LS $1,514,000 30% $1,968 Performance/Payment Bond 1 JB $1,017 10% $1 Performance/Payment Bond 1 JB $2,099 10% $2

Sullys Hill NGP - Buildings 1 LS $1,938,000 30% $2,519 Residence Relocation 0 EA $68,000 30% $0 Residence Relocation 0 EA $68,000 30% $0
3A North - Raise Top of Levee to El. 1456 Levee Construction Levee Construction
Performance/Payment Bond 1 JB $2,143 10% $2 Clearing and Grubbing 0.5 AC $3,000 30% $2 Clearing and Grubbing 0.9 AC $3,000 30% $4
Residence Relocation 1 EA $68,000 30% $88 Stripping (1') 700 CY $1.50 30% $1 Stripping (1') 1,500 CY $1.50 30% $3
Levee Construction Inspection Trench 0 LF $4.00 30% $0 Inspection Trench 0 LF $4.00 30% $0
Clearing and Grubbing 1.4 AC $3,000 30% $5 Levee Fill 8,900 CY $5.00 30% $58 Levee Fill 20,300 CY $5.00 30% $132
Stripping (1') 2,300 CY $1.50 30% $4 Bedding 500 CY $35 30% $23 Bedding 1,000 CY $35 30% $46
Inspection Trench 750 LF $4.00 30% $4 Riprap 800 CY $40 40% $45 Riprap 1,500 CY $40 40% $84
Levee Fill 6,900 CY $5.00 30% $45 Sand Drain 500 CY $22 30% $14 Sand Drain 1,000 CY $22 30% $29
Bedding 1,500 CY $35 30% $68 Topsoil (4") 400 CY $2.50 30% $1 Topsoil (4") 600 CY $2.50 30% $2
Riprap 2,300 CY $40 40% $129 Seed 0.7 AC $1,000 30% $1 Seed 1.1 AC $1,000 30% $1
Sand Drain 1,700 CY $22 30% $49
Topsoil (4") 300 CY $2.50 30% $1
Seed 0.6 AC $1,000 30% $1

$4,884 $146 $302
3A South - Raise Top of Levee to El. 1455 3A South - Raise Top of Levee to El. 1460 3A South - Raise Top of Levee to El. 1466
Performance/Payment Bond 1 JB $21,411 10% $24 Performance/Payment Bond 1 JB $956 10% $1 Performance/Payment Bond 1 JB $1,446 10% $2
Residence Relocation 0 EA $68,000 30% $0 Residence Relocation 0 EA $68,000 30% $0 Residence Relocation 0 EA $68,000 30% $0
Levee Construction Levee Construction Levee Construction
Clearing and Grubbing 1.0 AC $3,000 30% $4 Clearing and Grubbing 0.6 AC $3,000 30% $2 Clearing and Grubbing 0.7 AC $3,000 30% $3
Stripping (1') 1,500 CY $1.50 30% $3 Stripping (1') 900 CY $1.50 30% $2 Stripping (1') 1,100 CY $1.50 30% $2
Inspection Trench 750 LF $4.00 30% $4 Inspection Trench 0 LF $4.00 30% $0 Inspection Trench 0 LF $4.00 30% $0
Levee Fill 3,700 CY $5.00 30% $24 Levee Fill 6,100 CY $5.00 30% $40 Levee Fill 12,600 CY $5.00 30% $82
Bedding 900 CY $35 30% $41 Bedding 500 CY $35 30% $23 Bedding 700 CY $35 30% $32
Riprap 1,400 CY $40 40% $78 Riprap 800 CY $40 40% $45 Riprap 1,000 CY $40 40% $56
Sand Drain 1,500 CY $22 30% $43 Sand Drain 800 CY $22 30% $23 Sand Drain 1,000 CY $22 30% $29
Topsoil (4") 300 CY $2.50 30% $1 Topsoil (4") 400 CY $2.50 30% $1 Topsoil (4") 600 CY $2.50 30% $2
Seed 0.5 AC $1,000 30% $1 Seed 0.8 AC $1,000 30% $1 Seed 1.1 AC $1,000 30% $1

$222 $138 $208
Interior Drainage/Pump Station Interior Drainage/Pump Station Interior Drainage/Pump Station
Culverts 0 LF $50 50% $0 Culverts 0 LF $50 50% $0 Culverts 0 LF $50 50% $0
Pump Station 1 EA $2,200,000 30% $2,860 Pump Station 0 EA $0 50% $0 Pump Station 0 EA $0 50% $0
Geotechnical Geotechnical Geotechnical 
Slurry Wall 1,740 SF $6.00 50% $16 Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 5 EA $1,000 50% $8 Borings 0 EA $1,000 50% $0 Borings 0 EA $1,000 50% $0
Excavation of Unsuitable Material 500 CY $8.50 50% $6 Excavation of Unsuitable Material 0 CY $8.50 50% $0 Excavation of Unsuitable Material 0 CY $8.50 50% $0
Environmental Impacts Environmental Impacts Environmental Impacts
Mitigation 1 LS $4 Mitigation 1 LS $1 Mitigation 1 LS $1
HTRW 1 LS $18 HTRW 1 LS $9 HTRW 1 LS $1
Cultural Resources Investigation 1 LS $77 Cultural Resources Investigation 1 LS $0 Cultural Resources Investigation 1 LS $0

$8,095 $294 $512
Engineering and Design 15% $541 Engineering and Design 15% $44 Engineering and Design 15% $77
Supervision and Administration 8% $289 Supervision and Administration 8% $23 Supervision and Administration 8% $41
Real Estate Acquisition for ROW 1 LS $54 Real Estate Acquisition for ROW 1 LS $6 Real Estate Acquisition for ROW 1 LS $8

$8,978 $367 $638

ANNUAL OPERATION AND MAINTENANCE COSTS

Action Level Levee Maintenance Pump O&M

AL1 $5 $46
AL2 $8 $46
AL3 $13 $46

Notes:
1. The costs for the Relocate All Structures strategy (S) is equal to the sum of all relocations that have not been included in incremental relocations.
2. Incremental levee raise for 3A North includes relocation of 1 residence and the Sully Hill Facility during AL1.
3. Levee maintenance costs shown are the cumulative totals for each respective level.

Subtotal Levee 3A South

L(1)S AT AL2

L(3) AT AL3
Total Relocation Total RelocationTotal Relocation

$0

$5,367

$0

Cost to Incrementally 
Relocate at AL1, Relocate 

All Remaining Structures at 
AL2

S

Cost to Relocate All 
Structures

at AL1

$367
$4,753
$614

$51
$54
$59

Table 4.3-2

Flood Protection Costs
Feature 3: Fort Totten

Total Operation and 
Maintenance Cost

L AT AL1

(THOUSANDS)

$8,978

S AT AL1
S(1)S AT AL2

L(2)S

Cost to Incrementally 
Raise Levee at AL1, 

AL2, Relocate All 
Remaining  Structures 

at AL3

$5,366

L(3)

Cost to incrementally 
Raise Levee at AL1, AL2, 

AL3

$8,978
$367

S(1)S

Total Levee

L(3) AT AL1 L(3) AT AL2

Total Levee

L(1)S AT AL1

Total Levee

Subtotal Levee 3A North 

Subtotal

Subtotal Levee 3A North 

Subtotal

S(3) AT AL2

L(2)S AT AL1 L(2)S AT AL2

Devils Lake Infrastructure Protection Study

S(3) AT AL3

$638

(THOUSANDS)

$0

S(3) AT AL1
S(1) S AT AL1

Subtotal

Subtotal Levee 3A North Construction

Subtotal Levee 3A South Construction Subtotal Levee 3A South
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $66,700 $66,700 $0 $0 --
S Relocation of All Structures below 1464 $0 $0 $95,600 $95,600 $0 $0 $66,700 -$28,900 0.70
L Raise Levee Top to 1464 $605,100 $58,800 $0 $663,900 $0 $0 $66,700 -$597,200 0.10

L(1)S 1 Levee Raise: Then Relocate $544,300 $34,300 $95,500 $674,100 $0 $0 $66,700 -$607,300 0.10
L(2)S 2 Levee Raises: Then Relocate $550,800 $45,000 $24,300 $620,100 $0 $0 $66,700 -$553,400 0.11
L(3) 3 Levee Raise $553,700 $48,900 $0 $602,500 $0 $0 $66,700 -$535,700 0.11

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $88,800 $88,800 $0 $0 $66,700 -$22,100 0.75
S(3) 3 Incremental Relocations $0 $0 $87,200 $87,200 $0 $0 $66,700 -$20,500 0.76

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $211,500 $211,500 $0 $0 --
S Relocation of All Structures below 1464 $0 $0 $289,800 $289,800 $0 $0 $211,500 -$78,400 0.73
L Raise Levee Top to 1464 $607,200 $59,000 $0 $666,200 $0 $0 $211,500 -$454,800 0.32

L(1)S 1 Levee Raise: Then Relocate $546,100 $5,700 $289,800 $841,600 $0 $0 $211,500 -$630,100 0.25
L(2)S 2 Levee Raises: Then Relocate $565,900 $21,900 $191,100 $779,000 $0 $0 $211,500 -$567,500 0.27
L(3) 3 Levee Raise $588,700 $53,000 $0 $641,700 $0 $0 $211,500 -$430,200 0.33

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $281,300 $281,300 $0 $0 $211,500 -$69,800 0.75
S(3) 3 Incremental Relocations $0 $0 $277,100 $277,100 $0 $0 $211,500 -$65,600 0.76

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $102,200 $102,200 $0 $0 --
S Relocation of All Structures below 1464 $0 $0 $150,700 $150,700 $0 $0 $102,200 -$48,500 0.68
L Raise Levee Top to 1464 $607,200 $59,000 $0 $666,200 $0 $0 $102,200 -$564,100 0.15

L(1)S 1 Levee Raise: Then Relocate $546,100 $27,200 $150,700 $724,100 $0 $0 $102,200 -$621,900 0.14
L(2)S 2 Levee Raises: Then Relocate $556,500 $49,100 $0 $605,500 $0 $0 $102,200 -$503,400 0.17
L(3) 3 Levee Raise $556,500 $49,100 $0 $605,500 $0 $0 $102,200 -$503,400 0.17

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $133,500 $133,500 $0 $0 $102,200 -$31,300 0.77
S(3) 3 Incremental Relocations $0 $0 $133,500 $133,500 $0 $0 $102,200 -$31,300 0.77

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $170,400 $170,400 $0 $0 --
S Relocation of All Structures below 1464 $0 $0 $242,500 $242,500 $0 $0 $170,400 -$72,200 0.70
L Raise Levee Top to 1464 $607,200 $59,000 $0 $666,200 $0 $0 $170,400 -$495,900 0.26

L(1)S 1 Levee Raise: Then Relocate $546,100 $13,000 $242,500 $801,600 $0 $0 $170,400 -$631,300 0.21
L(2)S 2 Levee Raises: Then Relocate $562,700 $50,000 $0 $612,600 $0 $0 $170,400 -$442,300 0.28
L(3) 3 Levee Raise $562,700 $50,000 $0 $612,600 $0 $0 $170,400 -$442,300 0.28

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $233,100 $233,100 $0 $0 $170,400 -$62,700 0.73
S(3) 3 Incremental Relocations $0 $0 $222,500 $222,500 $0 $0 $170,400 -$52,200 0.77

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Strategy COSTS DAMAGES

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Wet Future Scenario (WF-9)
(Annual)

Table 4.3 - 3a

Economics Results: All Action Levels -- to Lake Level 1463
Feature 3: Fort Totten

Devils Lake Infrastructure Protection Study

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)

Strategy COSTS DAMAGES
(Annual)
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $64,800 $64,800 $0 $0 --
S(1) 1 Incremental Relocation $0 $0 $84,600 $84,600 $0 $0 $64,800 -$19,900 0.77

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $196,500 $196,500 $0 $0 --
S(1) 1 Incremental Relocation $0 $0 $256,700 $256,700 $0 $0 $196,500 -$60,200 0.77

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $102,200 $102,200 $0 $0 --
S(1) 1 Incremental Relocation $0 $0 $133,500 $133,500 $0 $0 $102,200 -$31,300 0.77

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $164,400 $164,400 $0 $0 --
S(1) 1 Incremental Relocation $0 $0 $214,800 $214,800 $0 $0 $164,400 -$50,400 0.77

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Strategy COSTS DAMAGES

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Wet Future Scenario (WF-9)
(Annual)

Table 4.3 - 3b

Economics Results:  First Action Level
Feature 3: Fort Totten

Devils Lake Infrastructure Protection Study

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)

Strategy COSTS DAMAGES
(Annual)
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Attachment to 4.3: 
Fort Totten Economic Analysis Assumptions 

A. General Assumptions 
1. Estimated damages included only the homes in the immediate area of Fort Totten.  According to the 

League of Cities office in Bismarck, the area is not incorporated.  The few homes outside of the 
immediate area were included in computations for Feature 8.1: Devils Lake Rural Areas. 

2. Structure elevation data was obtained from the 2000 FEMA LIDAR 1-foot topography. 

B. Levee  
1. For levee protection, it  was assumed that 4 feet of freeboard would be required for levee 3A North 

and 3 feet for levee 3A South at all action levels.  The assumed freeboard was based on calculated 
wave heights for this area plus 1 foot. 

2. A decision was assumed to be made when the lake is at the Planning and Design Initiation Elevation 
(i.e., elevation when planning must begin due to lead time required to complete planning, design and 
construction to maintain desired protection levels.) 

3. A 40% contingency was applied to all riprap costs. 

4. Interior pond areas and volumes used for sizing of interior pump stations were calculated for the 
maximum levee elevation only. 

5. A 50% contingency was applied to the interior pump stations. 

6. The cost of relocating the Siaka Pump Station was obtained from a phone conversation with Sioux 
Utilit ies (Carolyn Greene) on October 16, 2002.  The ground elevation of the lift  station was assumed 
to be at 1454. 

7. Sand drains were assumed to be included for all levees with a height of 9 feet or greater at the 
maximum levee height (sand drains would need to be constructed during initial levee construction 
even though initial levee heights would be less than 9 feet). 

8. It  was assumed that the impervious fill materials for levees would come from nearby clay borrow 
areas. 

9. Although, it  was recognized that special handling, placement and compaction methods would be 
required for construction of impervious core, it  was assumed that the unit price for impervious core 
would be similar to levee fill. Impervious core was includes in the levee fill quantity.   

10. The annual maintenance cost for the levees was assumed to be 1% of the construction costs. 
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11. The annual operation and maintenance cost for the pump station was assumed to be 1.5% of the pump 
station construction costs plus $13,000 for electricity. 

12. The inspection trench was assumed for the initial levee construction (AL1) only. 

13. Seed quantity assumed to be the same as the topsoil area. 

14. Stripping of topsoil between levee raises was considered incidental. 

15. Levee quantities assume total volume of new topsoil added at each levee raise (new topsoil may 
include topsoil salvaged from previous levee construction—the unit price of any salvaged topsoil was 
assumed to be the same as for new topsoil). 

16. Levee quantities assume the 5 feet of riprap along the top of the levee would be salvaged and reused 
at each levee raise.   

17. Figure 4.3-1 shows two residences near the AL1 ponding area.  It  was assumed that the ponds and 
minor grading around structures would be adjusted as necessary to prevent impacts to these 
residences.  Incidental costs were assumed to be included in contingencies for interior drainage/pump 
station. 

18. For levee raises, the lake damage elevation was assumed to be one-half the height of its freeboard. 

C. Residential and Commercial Properties 
1. For relocation strategies, structures were assumed to be relocated when the lake level approached the 

ground elevation at each structure and damages would occur.  Damages were assumed to begin when 
the lake elevation was 1 foot below the structure ground elevation to account for potential wave 
action.  

2. The average value of a house in Fort Totten was estimated to be $62,000.  This figure was obtained 
from the Federal Emergency Management Agency (FEMA) and represents the average value of a 
house located on the Spirit  Lake Nation Reservation.  The value for each house was determined for 
FEMA by certified flood insurance adjusters and was based on total habitable square footage of the 
buildings and standardized real estate appraisals (FEMA, personal communication, March, 2001).  
These values did not include the value of land on which the houses were located. 

3. Relocation cost for a house was estimated to be $68,000.  This cost was obtained from the North 
Dakota-North Central Planning Council and represents the average cost to relocate a residence during 
the buyout program conducted in Churchs Ferry (2000).  The $68,000 includes the following costs: 
demolition of the existing house, purchase of an equivalent house in a nearby community, purchase of 
a lot, and legal, appraisal, and management fees.  It  was assumed relocation costs would be 
approximately the same in Fort Totten as they were in Churchs Ferry.  
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4. The cost for relocation/rebuilding of commercial and public facilit ies was assumed to be 100% of the 
value of the structure and property. 

5. Sewage Lagoons: a new sewage lagoon was constructed on higher ground west of Fort Totten.  The 
east sewage lagoon, near the lake, had a majority of the wastewater removed by pumping into the new 
sewage lagoon, according to Neil Austin of the Spirit  Lake Nation Indian Health Service.  A direct 
pipeline still exists from the east sewage lagoon (consisting of three cells) to the new west sewage 
lagoon (consisting of four cells).  The pipeline serves two purposes: 

a. To pump the remaining wastewater from the old eastern lagoon to the new western lagoon. 

b. To be used in case of an emergency where the new western lagoon would be unusable. 

Carolyn Greene of the Sioux Utility confirmed that the large cell (eastern lagoon) is currently used for 
emergency operation about two to three times per year.  The two smaller cells have been out of 
service for three years.  Therefore, it  was assumed that the eastern sewage lagoon will not be needed 
during flooding events and can be abandoned if necessary. 

D. Sullys Hill National Game Preserve (Sullys Hill) 
1. According to Joe Maxwell, Sullys Hill Refuge Manager, two structures located near Sweetwater Lake 

have been abandoned or relocated. One of these buildings was moved to higher ground during 
October 2002.  The FWS pumps Sweetwater Lake to minimize potential flooding. Sweetwater Lake, 
located immediately north of the visitor center, is important for managing the elk and bison herd.  
Some of the FWS maintenance facilit ies have been moved from Sullys Hill to Lake Alice National 
Wildlife Refuge.  According to Roger Hollevoet, FWS, the current dike/access road at Sullys Hill has 
been raised on two different occasions for a total of 13 feet of vertical rise.  Their engineers 
recommended that the FWS no longer raise the Sullys Hill dike, as it  would become a high hazard 
dam versus a dike.  As a result  it  was recommended that the FWS relocate the structures at Sullys 
Hill.  Therefore, only relocation strategy was reviewed for Sullys Hill. 

2. According to Joe Maxwell, Sullys Hill Refuge Manager, revenue for the facility include a $2 auto 
tour user fee and income from sale of books and other educational materials.  The total annual 
revenue was only $2,000 to $3,000.  Therefore, revenue was considered negligible and was not 
included in the Infrastructure Protection Study. 

3. According to Joe Maxwell, Sullys Hill Refuge Manager, approximately 40,000 individuals visit  
Sullys Hill each year. 

4. The following estimated costs were provided by the FWS.  All costs include Engineering and 
Administration: 
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•  $1,514,000: Construction of new access road from ND Highway 57 

•  $8,000: Move classroom to Lake Alice National Wildlife Refuge 

•  $495,000: New shop at Lake Alice (replaces existing building at Sullys Hill) 

•  $280,000: New manager's residence 

•  $162,000: Relocate Sullys Hill Amphitheater 

•  $17,000: Reconstruct trailer pads for visitor center hosts 

•  $61,000: Cap wells and replace drainfield at existing headquarters 

•  $360,000: New shop at Sullys Hill 

•  $10,000: Relocate gas/diesel tanks 

•  $225,000: New cold storage building at Lake Alice NWR (replaces existing building at Sullys 
Hill) 

•  $320,000: Reconstruct volunteer residence 

5. Sullys Hill costs include Engineering & Design (E&D) and Supervision & Administration (S&A), 
therefore, they were subtracted out of the total that the E&D and S&A were applied to in the cost 
table. 

 



P:\34\36\020\2002-4 4.4-1 

4.4 Summary of Infrastructure Protection Investigation for 
Feature 4:  City of Minnewaukan 

4.4.0 Flood Protection Strategy 
The Infrastructure Protection Study indicates that the flood protection strategy with the largest net 
benefits for the City of Minnewaukan would be incremental levee raises.   

4.4.1 General Information  
Feature Type:  Community 

Location:  The City of Minnewaukan is located on the west side Devils Lake in Benson County, 
ND, Section 15, Township 153N, Range 67W.  Currently, US Highway 281 (South of US 
Highway 2) passes through the city limits.  The accompanying Figure 4.4-1 shows the feature’s 
location and approximate extents, and the inundation extents at the reference lake levels (1447, 
1454, 1463). 

Description: Minnewaukan is a city with a current population of 318, and is the county seat of 
Benson County.  The city covers approximately 250 acres and includes residential and 
commercial development, municipal facilit ies (public library, courthouse, fairgrounds, etc.), 
utility infrastructure (roads, sewers, electrical, telephone, etc.), and transportation infrastructure 
(US Hwy 281 [South of US Highway 2]). 

Significance:  The value of all communities is high because of the density of infrastructure in this 
primarily rural section of North Dakota.  Minnewaukan is important because it  is a densely 
populated area that contains property of value and historical significance.  The surrounding 
infrastructure includes major transportation routes for population and industry.  The city contains 
county seat facilit ies including the county fairgrounds and courthouse. 

Damages:  There are numerous commercial and residential properties that would be affected by 
rising lake levels, particularly for lake levels above 1455.  The flooding of the City of 
Minnewaukan would result  in the following damages:  

•  Loss of residences – The majority of the property at risk in the city is located between 1456 
and 1463.  Approximately 13 residences exist below 1455.  Approximately 5 residences exist 
below 1454.  The lowest residence is 1452.  The lowest garage is 1451. 

•  Loss of historical buildings – The Benson County Courthouse and Grace Episcopal Church 
are listed in the National Register of Historic Places.  

•  Loss of commercial and municipal properties – As with homes in the city, the majority of 
commercial and municipal properties at risk are between elevations 1456 and 1463.  Two 
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commercial structures were identified below 1455.  The lowest commercial structure is at 
1454. 

•  Loss of other structures – Several other agricultural, institutional, governmental, and other 
structures would be damaged.  The lowest structure is one of the 4-H barns located at the 
fairgrounds.  Its ground elevation is approximately 1450. 

•  There are also several structures above 1463 that would be severed from the main land during 
high lake levels. 

•  Loss of access to the City. 

O wner/Sponsor:  The City of Minnewaukan City Council is responsible for managing and 
maintaining day-to-day administration of the city. 

Lead Federal Agency:  The Corps of Engineers would take the lead for the City of 
Minnewaukan for any flood protection work that may take place.  The Federal Emergency 
Management Agency (FEMA) would coordinate relocation of structures. 

4.4.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for the City of Minnewaukan has 
consisted of the following: 

•  Moving the sewage treatment ponds to higher ground (in 1995).  The top of the dike around 
the sewage treatment ponds is believed to be above 1463. 

•  Installation of a back-up water supply line from the water plant north of town, extending 
south from the water plant to the west of the city, then extending east through the city to the 
water tower. 

•  Installation of drainage features to prevent flooding from the unnamed coulee on the 
northwest side of the city, including enlarging culverts under the railroad and highways on 
the north end of town. 

•  Abandoning certain portions of the county fairgrounds, and abandoning parts of the park and 
athletic fields on the east side of the school.  Currently, the football field is not useable 
because part of the field is under water. 

•  Moving structures to higher ground, or plans to move structures within the next year.  
According to information provided during the site reconnaissance trip, this year structures 
planned for relocation include Trinity Church, and structures west of West Avenue on 
D Street. 
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•  The Red River Valley and Western Railroad that previously passed through town was 
abandoned. 

•  The report Devils Lake City of Minnewaukan Assessment (Barr, April 1998) was prepared to 
identify potential flooding concerns and discuss alternatives for protecting infrastructure 
adjacent to the Coulee located north of the city. 

•  The Devils Lake Minnewaukan Federal Interest Study (Barr, September 1998) was prepared 
to identify potential flood mitigation alternatives to protect the city from the rising lake. 

General Protection Strategy:  The Infrastructure Protection Study’s analysis for the City of 
Minnewaukan allowed for reconsideration of flood mitigation options at each of several action 
levels.  Flood protection options for the City of Minnewaukan included: 

•  Construction of levees to protect the City of Minnewaukan.  The levees would tie into high 
ground near the reroute location for US Highway 281 (South of US Highway 2), and would 
allow access to the city through the existing roadway system.  Construction of the levees 
would also include relocation of isolated structures, such as the county fairground buildings 
and a few isolated structures in the levee footprint. 

•  Relocation of all affected structures (including the homes severed from the main land).  

Protection Strategy by Action Level:  A variety of flood protection strategies were analyzed for 
the City of Minnewaukan.  As shown on Figure 4.3-2, the stepwise approach to flood protection 
for the City of Minnewaukan consisted of the following: 

1. At Action Level 1 (AL1), a decision would be made as to whether the entire city should be 
relocated or a levee constructed to protect these structures (top of levee at 1459/1460).  An 
incremental relocation strategy was also analyzed that assumed the structures below 1458 
would be moved to other towns.  This strategy could result  in the abandonment of the City of 
Minnewaukan. 

2. If a levee were constructed at AL1, at Action Level 2 (AL2), a decision would be made to 
relocate the city or raise the levee to a top of 1466/1467.  If incremental relocation were 
conducted at AL1, relocation of structures above 1458 would be required at AL2 (including 
those severed). 

The Features Analysis Model was then used to determine which of the paths through the branches 
of the decision tree - which flood protection strategy - had the largest net benefits.  That strategy 
is highlighted on Figure 4.4-2, and consists of the following: 
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1. At Action Level 1 (AL1), construction of the initial levee raise to a top of 1459/1460 

2. At Action Level 2 (AL2), raise the levee to a top of 1466/1467 

Therefore, the first  action level of protection would include the construction of the levee to 
1459/1460.  It  was assumed that  

The pertinent reference elevations for the flood protection strategies are given below: 

Reference Elevations for Relocation of Entire  City (AL1) 
Elevation Name Significance 

1452 Low Structure Elevation Ground elevation at structure  
1451 Lake Damage Elevation Lake elevation at which damage to 

lowest structure begins 
1454 Project Completion Elevation Lake elevation at which relocation of 

entire city must be complete (the 5 
residences below 1454 will be 
temporarily protected until relocation) 

1451 Construction Initiation Elevation Lake elevation at which relocation of 
entire city must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

Reference Elevations for Incremental Relocations 
Elevation 

AL1 AL2 Name Significance 
1452 1458 Low Structure Elevation Ground elevation at structure  
1451 1457 Lake Damage Elevation Lake elevation at which damage to lowest 

structure begins 
1451 1457 Project Completion Elevation Lake elevation at which relocation must be 

complete 
NA NA Construction Initiation 

Elevation 
Lake elevation at which relocations must 
begin 

NA NA Planning and Design 
Initiation Elevation 

Lake elevation at which planning and 
design process must begin 
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Reference Elevations for Levee Construction (AL1) 
Elevation Name Significance 

1452 Low Structure Elevation  Ground elevation at structure 
(protected by levee) 

1451 Lake Damage Elevation Lake elevation at which damage to 
lowest structure occurs 

1453 Project Completion Elevation Lake elevation at which levee 
construction must be complete (the 5 
residences below 1454 will be 
temporarily protected until levee is 
completed) 

1451 Construction Initiation Elevation, assumes 
initial levee investigations completed in 
the dry prior to construction  

Lake elevation at which levee 
construction must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

Reference Elevations for Levee Raise  (AL2) 
Elevation Name Significance 

1459 Low Structure Elevation Low point on top of levee 
1458 Lake Damage Elevation Lake elevation at which damage to 

levee begins (assumed to be 1/2 height 
of freeboard) 

1456 Project Completion Elevation Lake elevation at which levee raise 
construction must be complete (at 
freeboard) 

1454 Construction Initiation Elevation Lake elevation at which levee raise 
construction must begin 

1452 Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

4.4.3 Design Considerations   

4.4.3.0 General Design  

Alignment 

The general plan for flood protection at the City of Minnewaukan would be the 
construction of a levee.  The levee was analyzed in six reaches, referred to hereafter as 
levees 4A-4F.  The resulting plan view is a large “U” shaped levee around the city, as 
shown on Figure 4.4-1.  This levee alignment varies significantly from the alignment 
presented in the Economic Analysis of Devils Lake Alternatives, which was a ring-
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shaped levee completely circling the city, with US Highway 281 as part of the levee.  The 
difference is due to a change in plans for US Highway 281 (re-routing of the highway 
outside the city limits is likely), and to minimize levee cost based on updated contours 
provided by LIDAR mapping of the area.  The updated mapping information and 
subsequent cost comparison of various alignments show a significant savings in levee 
construction cost by tying into high ground rather than completely encircling the city in a 
ring-shaped levee. 

Levee 4A would extend from high ground south of the city and would protect the current 
intersection of US Highway 281 (“C” Avenue within the city) and US Highway 19, 
providing access to the city from the west.  Levee 4B skirts the east edge of the city.  
Levees 4C and 4D skirt  the northeast end of the city.  Levee 4E is located between 
existing structures and the unnamed coulee north of the city, and prevents coulee flows 
from entering the area protected by the levee system, thus minimizing interior drainage 
requirements.  The final segment, Levee 4F ties into high ground northwest of the city. 

Some structures or properties are outside the alignment, or lie in the footprint of the 
proposed levees.  These include the county fairgrounds (and three fairgrounds structures), 
the athletic fields east of the school, and a stable or barn east of the county maintenance 
garage. 

The table below provides a summary of the levees for the City of Minnewaukan: 

 Levee Lengths (Feet) 
Levee AL1  AL2 

4A 1680 2350 
4B 2600 2600 
4C 1720 1720 
4D 1125 1125 
4E 1645 1645 
4F 1500 1970 

 

Cross-section 

Figure 4.4-3 shows a typical cross-section of the proposed levees.  

The top widths for the levees were assumed to be 15 feet (10 feet of compacted fill and 
5 feet of riprap tie-in).  The side slopes are 3H:1V on the interior (land side) of the levee.  
The side slopes on the lake side of the levee vary depending on the location and depth of 
water: 5H:1V and 6H:1V (as noted on Figure 4.4-4).  The elevations of the tops of the 
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levees vary depending on wave height and required freeboard.  The top and interior side 
of the levees would be covered with 4 inches of topsoil and seeded.  

An impervious core was designed for all levees.  Sand drains were assumed to be 
included for all levees with a height of 9 feet or greater at the maximum levee height 
(sand drains would need to be constructed during initial levee construction even though 
initial levee heights would be less than 9 feet).  The top of the sand drain layer would be 
4 feet wide.  The sand drain would then slope down at a 1H:1V slope and be 2 feet thick 
along the rest of its length (depending on the height of the levee).  The actual sand drain 
elevations should be reviewed during final design and during construction of each levee 
addition. 

Profile 

Figure 4.4-4 shows the profile of the proposed levees.  Levees 4B, 4C, 4D, and 4E are 
one foot higher than Levees 4A and 4F due to different wind-induced wave heights and 
corresponding requirements for erosion protection.  Two levee raises were designed for 
the City of Minnewaukan, based on the action levels and protection levels. 

The general design parameters are presented in the following table: 

Top of Levee Elevations2 

Levee 

Wind 
Induced 
Wave 

Height (Ft.) 
Freeboard 1 

(Ft.) 
3AL1 

4PL (1451-1458) 
AL2  

PL (1458-1466) 
4A 2.0 3 1459 1466 
4B 2.9 4 1460 1467 
4C 3.0 4 1460 1467 
4D 2.2 4 1460 1467 
4E 3.0 4 1460 1467 
4F 2.0 3 1459 1466 

1 Freeboard calculated by  adding 1 foot to the wind-induced wave height (rounded up to the nearest whole foot). 
2 Top of levee elevations were determined by  adding the freeboard to the maximum protection level elevation. 
3 Action Level (AL)  
4 Protection Level (PL): Number in ( ) refers to elevation range for relocating structures.   

Materials   

It was assumed that the levees would be constructed from readily available native silty 
clay and clay loam.  These materials are relatively impermeable, and are suitable for 
levee construction.  An impervious core was also assumed for all levees. 



P:\34\36\020\2002-4 4.4-8 

Erosion Protection 

The exterior side slopes of all levees will require erosion protection due to wave action.  
Riprap sizing and thickness was determined using COE methods described in EM1110-2-
1601, with wave height based on a COE Report t it led Devils Lake, North Dakota, Wind-
Induced Changes in Water Elevations, revised September 1998.  The riprap sizing was 
evaluated for various side slopes to determine the most cost-effective exterior side slope 
for each alternative.  The average size of the riprap (D50) is 9 inches based on the fetch, 
depth of water, and the side slope.  Riprap thickness varies depending on erosion control 
calculations for each segment of the levee, and varies from 1 foot to 1.5 feet thick.  A 
12-inch granular filter was assumed for bedding under the riprap for each of the levees.  
The exterior (lake side) slopes are protected with riprap to the top of the levee, with a 
5-foot tie-in.  The interior side slopes would not be protected with riprap. 

Construction Considerations 

All levees constructed to protect Minnewaukan will be constructed as dams.  The top 
12 inches of ground surface will be stripped prior to construction for better adhesion 
between the ground and the levee.  A portion of the levee will require removal of 
bituminous and subgrade material along E Avenue and across US Highway 281 and other 
local streets.  An inspection trench will also be constructed for all levees to permit 
observation of the top 6 feet of foundation materials. 

Prior to the lake rising above the ground level along the levee alignment, it  was assumed 
that the following pre-construction activities would be conducted in the dry: an inspection 
trench, stripping of the top layer of ground, and geotechnical investigations to examine 
the foundation.  Although constructions along alignments that are inundated are more 
difficult  and costly to construct, the alignment footprint would only be inundated by a 
few feet and the initial investigations would have been completed. Construction of the 
Minnewaukan levees may require a small cofferdam along the upstream toe during initial 
levee construction if decisions are delayed or the lake rises faster.  After construction of 
the cofferdam, the interior water behind the cofferdam can be pumped out.  Cofferdam 
costs were not included in the Minnewaukan cost estimate. 

4.4.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area are part of the Coleharbor 
Formation. 
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In the area of the City of Minnewaukan, the lacustrine deposits and the glacial deposits 
are present, as is an alluvial deposit  along the stream on the north edge of town.  The 
alluvial deposit roughly parallels the proposed levee segments 4E and 4F, and is 
primarily a silt .  This deposit  is relatively small, and is not mapped in the county geologic 
report, but is apparent in the county soil survey.  The lacustrine deposits include soft lake 
bottom silt  and clay and coarse sand to fine silty sand beach deposits.  The lake bottom 
deposits lie on the easily recognized lake plain, most of which is now beneath the lake.  
These are mapped as the silt  and clay facies of the Coleharbor Formation, and this is the 
predominant deposit  north and east of Minnewaukan.  The beach deposits, where present, 
are along the slope break surrounding the lake plain.  These deposits tend to be too small 
in area to be shown on the county geologic map, but are apparent in the county soil maps.   

The predominant glacial t ill is generally composed of silty clay with sand, pebbles, 
cobbles, and boulders.  This deposit  is yellowish brown in the oxidized zone in the 
uppermost 10 to 25 feet near the ground surface, and olive gray at depth.  The till is 
mapped as part of the boulder clay facies of the Coleharbor Formation.  It  is described as 
a low-relief stagnation moraine, typified by an uneven and low-relief surface, including 
closed basins, poorly developed drainage, and rounded hills.  Well logs in the area of 
Minnewaukan indicate that the glacial deposits are 25 to 56 feet thick, with clay till in the 
uppermost 17 to 41 feet, and sand and gravel with some till layers at depth.  The bedrock 
is Cretaceous Pierre Shale.  

The proposed levee alignments cross the following soil types, which have the indicated 
comments with respect to levee construction.  “Slight” means soil properties and site 
characteristics are generally favorable for this use.  “Severe” means special design may 
be required.  Wetness and flooding are a given, since much of the area is already 
inundated.  The concern is the low strength. 

•  Segment 4A 

− 140B Svea loam; CL, CL-ML; glacial till – Severe: low strength 

− 41 Overly silty clay loam: CL, CL-ML; glacial t ill – Severe: frost action, low 
strength 

− 129 Colvin silt  loam, saline; CL; lake bed – Severe: wetness, floods, low strength  

− 45 Beardon silt  loam; CL-ML, CL; lake bed – Severe: frost action, low strength 

•  Segment 4B 

− 45 Beardon silt  loam; CL-ML, CL; lake bed – Severe: frost action, low strength 
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− 50B Great Bend silt loam; CL, ML; lake bed – Severe: frost action, low strength 

− 75 Ryan silty clay; CH; lake bed – Severe: wetness, floods, low strength 

•  Segment 4C 

− 75 Ryan silty clay; CH; lake bed – Severe: wetness, floods, low strength 

− 99C Claire loamy coarse sand; SP, SP-SM; beach – Slight  

− 101 Lallie loam; ML, CL; lake bed – Severe: wetness, floods, low strength 

− 107 Minnewaukan loamy fine sand; SM, SM-SP; beach – Severe: wetness, 
floods 

•  Segment 4D 

− 107 Minnewaukan loamy fine sand; SM, SM-SP; beach – Severe: wetness, 
flooding 

− 101 Lallie loam; ML, CL; lake bed – Severe: wetness, floods, low strength 

− 7 Colvin silt  loam; CL; alluvium – Severe: low strength, wetness, floods 

− 50B Great Bend silt loam; CL, ML; lake bed – Severe: frost action, low strength 

•  Segment 4E 

− 7 Colvin silt  loam; CL; alluvium – Severe: low strength, wetness, floods 

− 41 Overly silty clay loam: CL, CL-ML; glacial t ill – Severe: frost action, low 
strength 

− 50B Great Bend silt loam; CL, ML; lake bed – Severe: frost action, low strength 

•  Segment 4F 

− 41 Overly silty clay loam: CL, CL-ML; glacial t ill – Severe: frost action, low 
strength 

− 45 Beardon silt  loam; CL-ML, CL; lake bed – Severe: frost action, low strength 

− 7 Colvin silt  loam; CL; alluvium – Severe: low strength, wetness, floods 

− 13C Barnes loam; CL, CL-ML; glacial t ill – Moderate: frost action, low strength 

Borings need to be completed in the areas of the lake bed and till deposits to determine 
the strength.  Borings will need to be completed in the areas of the beach and alluvial 
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deposits to determine the need for and extent of remedial features (i.e., cutoff walls).  A 
total of 15 borings are recommended.  It  was assumed that approximately 1,200 feet of 
levee alignment would require a cut-off wall or excavation of permeable sub-soil.  
Approximately 5,200 feet of the levee alignment overlies lake bed deposits, which may 
need to be excavated.  

4.4.3.2 Hydrology/Interior Drainage issues 

Hydrology 

An analysis of the internal drainage system was completed to assist  with the sizing of an 
interior pump station to remove the accumulation of water from the interior area behind 
the levees.  The analysis investigated the amount of water expected from precipitation, 
seepage through the levees, and groundwater seepage underneath the levees.   

The interior drainage tributary watersheds were delineated using the USGS quadrangle 
maps and the 2000 FEMA LIDAR 1-foot topography.  The tributary area inside the flood 
barrier is about 900 acres and was divided into eight subwatersheds.  Land use in the 
tributary area is mainly cropland and urban developments, with smaller portions of 
grassland.  The hydrologic soil group of the area is C.  A curve number of 70 was 
assumed for all subwatersheds.   

Two alternatives were considered for routing the flood water to the Minnewaukan pump 
station: (1) interior drainage routed through the current drainage system to the pump 
station, and (2) rerouting a portion of the interior drainage through town directly to the 
pump station and the remaining drainage routed through current drainage system.  The 
first alternative was determined to be more economically feasible, and was used in the 
design of the pump station.  Under both scenarios, runoff from higher ground was 
channeled outside of the levee to the west and directly into the lake through a 2,400 feet 
long, 5 feet wide, grass lined channel. 

The Minnewaukan pump station would be located in the northeastern corner of the levee.  
Ponding would occur at four different locations near the Minnewaukan Levee.  The total 
ponding area was calculated to be 20.3 acres.  The following drainage channels and pipes 
were necessary to route the runoff to the pump station: 

•  A 2,240 feet channel, with side slopes 3H:1V and a bottom width of 5 feet   

•  One 24-inch concrete drainage pipe, 600 feet long 

•  Three 24-inch concrete drainage pipes, 3,750 feet long 
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Pumping Requirements 

The interior drainage system was designed to provide a minimum of 1-foot freeboard 
during the 10-day 100-year event.  Three pumps will be utilized, with operation starting 
at different water elevations.  The capacities of the pumps are listed in the following 
table. 

Minnewaukan Pump Station     

Pumps Flow (cfs) 
Elevation 

Top of Levee 

Minimum 
Pond Water 

Level 
Total Design 

Head (ft) Power (hp) 
1 35 1467 1447 20 117 
2 20 1467 1447.5 19.5 65 
3 20 1467 1448 19 64 

 

4.4.3.3 Real Estate Requirements 

Right-of-way requirements for the levees are assumed to extend 15 feet beyond the toes 
of the embankments.  The 15-foot buffer will provide sufficient room for temporary 
construction activities and long-term maintenance access. 

4.4.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses surrounding the levees at Minnewaukan appear to be mixed residential, 
commercial, and potentially industrial within the City of Minnewaukan, and rural 
residential and agricultural outside of the city.  Land use does not appear to have changed 
significantly over time.  Minnewaukan has been essentially the same size since the 1950s, 
with the exception of a few additional residences and nonresidential properties.  
Surrounding land use is generally made of scattered rural residences, tree-covered land, 
and agricultural fields and has not significantly changed since the 1950s. 

The regulatory record review for Minnewaukan (58351) was obtained from FirstSearch 
on October 1, 2002.  Six of the seven facilit ies located within the Minnewaukan area 
appear to be located within the relocation area.  The six facilit ies have registered USTs 
and two of the UST facilit ies are listed as closed leaking underground storage tank sites.  
These properties do no appear to be within the footprint of the impact areas.  Exact 
locations of most of the sites were not able to be determined.  Due to the risk of leakage 
from USTs each of these properties are suspected to be RECs that will need to be 
investigated if the City of Minnewaukan is moved.  
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Thirteen potential HTRW sites identified within the levee action levels are listed below 
and shown on Figure 4.4-1.  A general description of environmental concerns associated 
with these categories is in Section 4.0. 

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category 
HTRW 
Costs 

04-R-1 Relocate Rural Residences & Farmsteads $1,500 
04-1-2 1 Excavation or Fill Areas $4,500 
04-1-3 1 Rural Residences & Farmsteads $1,500 
04-1-4 1 Rural Residences & Farmsteads $500 
04-1-5 1 Excavation or Fill Areas $4,500 
04-1-6 1 Nonresidential Properties $10,000 
04-1-7 1 Rural Residences & Farmsteads $1,500 
04-1-8 1 Nonresidential Properties $10,000 
04-1-9 1 Excavation or Fill Areas $4,500 
04-2-10 2 Rural Residences & Farmsteads $500 
04-1-11 1 Former Recreation Facility $500 
04-1-12 1 Potential Dumps $500 
04-1-13 1 Railroad Related Land Uses $5,500 

A more detailed description of site history and a breakdown of costs are in Appendix C. 

If the City of Minnewaukan is relocated west of the current location the following table 
shows the number of structures by category and the HTRW costs that maybe associated 
with each structure.  Each residence would be placed into the Rural Residences & 
Farmsteads category and would have the same environmental concerns and costs 
associated with that category.  Determination of the location and removal of fuel tanks, 
septic systems, wells, asbestos and transformers is already included in the cost estimate 
for the relocation.  Site investigations are needed for commercial structures used for 
petroleum retail or pesticide storage and sale, the grain elevator, and the government 
garages.  Based on the FirstSearch regulatory database, two of the commercial properties 
used retail petroleum services and two of the government buildings have USTs.  

Relocation HTRW Costs 

Number 
Type of Items 

Relocated HTRW Category HTRW Costs 
129 Res. House Rural Residences & Farmsteads 

9 Res. Mfg. Str.  Rural Residences & Farmsteads 
7 Apartments Rural Residences & Farmsteads 

Included as part 
of the relocation 
cost estimate. 
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Relocation HTRW Costs 

Number 
Type of Items 

Relocated HTRW Category HTRW Costs 
62 Garages Nonresidential Properties $1,500 
4 Barn/Silo Nonresidential Properties $1,500 

24 Commercial Nonresidential Properties $46,000* 
2 Commercial 

Petroleum 
Nonresidential Properties $20,000 

1 Grain Elevator Nonresidential Properties $10,000 
3 Church Nonresidential Properties $4,500 
1 School Nonresidential Properties $1,500 
1 Govt. Museum Nonresidential Properties $1,500 
1 Govt. Library Nonresidential Properties $1,500 
1 Govt. 

Courthouse 
Nonresidential Properties $1,500 

4 Govt. General Nonresidential Properties $6,000 
2 Govt. Garages Nonresidential Properties $20,000 

* Of the 24 commercial properties one property is expected to require a field 
investigation.  

Cultural 

The levee construction and the relocation of structures have the potential to affect six 
known sites and 12 site leads as shown on Figure 4.4-1.  Two of the known architectural 
sites, the Benson County Courthouse (32BE0012) and the Episcopal Church (32BE0032) 
are listed on the NRHP.  Of the four remaining known sites, three are architectural sites: 
the Lutheran Church (32BE0033), the Harriman House (32BE0034), and the Cubbison 
House (32BE0035).  The Lutheran Church was previously recommended as potentially 
eligible for listing on the NRHP, the Harriman House was recommended as eligible, and 
no recommendation of eligibility has been made for the Cubbison House.  The final 
known site, 32BE0115, consists of a scatter of historical-period cultural materials, 
including ceramics, glass, and metal.  This site was recommended as not eligible for 
listing on the NRHP. 

Nine of the site leads that may fall within the City of Minnewaukan potential effects are 
houses: the Mike Haman House (32BEX0017), the Chris Teigan House (32BEX0025), 
the Norma Schmidt House (32BEX0041), the Hermin Jorgenson House (32BEX0055), 
the Pat Stensby House (32BEX0066), the Lavern Butts House (32BEX0079), the Harold 
Johnson House (32BEX0104), the Hazel Schmid House (32BEX0105), and the Anthony 
Charboneass House (32BEX0106).  The remaining site leads are categorized as historical 
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archaeological site leads and include the locations of the Minnewaukan Presbyterian 
Church (32BEX0039), the Minnewaukan Townsite (32BEX0040), and the Plummer 
Hardware Store (32BEX0042). 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 

Feature 4 City of Minnewaukan: Evaluation Status of Known Cultural Resources 

Resource Type 

Resources 
Listed on or 
Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  2 2 1 
Archaeological 0 1 0 
Architectural Site Leads/Isolated Finds 0 0 9 
Archaeological Site Leads/Isolated Finds 0 0 3 

Total 2 3 13 

 
While there is a potential to impact all of these cultural resources for any of the action 
levels proposed for this feature, the impacts would be most severe for total relocation of 
the community.  The estimated cost to conduct Phase 1 Surveys for each of 13 sites is 
presented in the table below.  The total cost for all surveys is $104,000.  As noted in 
Section 4.0, these costs are believed representative of the cultural resources investigations 
needed for the next stage of study. 

Feature 4 City of Minnewaukan: Estimated Cost For Phase 1 Surveys of 
Known Sites 

Site Number Investigation Type 
Estimated 

Cost 
32BE0035 Phase I Architectural $6,200 
32BEX0017 Phase I Architectural $6,200 
32BEX0025 Phase I Architectural $6,200 
32BEX0041 Phase I Architectural $6,200 
32BEX0055 Phase I Architectural $6,200 
32BEX0066 Phase I Architectural $6,200 
32BEX0079 Phase I Architectural $6,200 
32BEX0104 Phase I Architectural $6,200 
32BEX0105 Phase I Architectural $6,200 
32BEX0106 Phase I Architectural $6,200 
32BEX0039 Phase I Archaeological $14,000 
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Feature 4 City of Minnewaukan: Estimated Cost For Phase 1 Surveys of 
Known Sites 

Site Number Investigation Type 
Estimated 

Cost 
32BEX0040 Phase I Archaeological $14,000 
32BEX0042 Phase I Archaeological $14,000 
Total Cost for Phase 1 Surveys   $104,000 

 
Environmental  

The natural resources within the City of Minnewaukan levees and relocation impact area 
include wetlands and upland areas.  Fill used in the construction of the City of 
Minnewaukan levees could cause environmental impacts due to encroachment upon 
wetlands and upland plant communities.  The acres of habitat impacted by land use 
category are shown on Figure 4.4-1.  Impacts to the wetland communities represent an 
important environmental impact to these natural resources.  Complete or partial loss of 
wetland functions and conversion to upland due to filling is possible in some locations.  
In areas where some hydrology is maintained and wetland conditions remain, changes in 
plant community and hydrology could lead to a wetland type change.  The loss of 
wetland area will impact waterfowl, marsh bird and songbird-nesting areas, as well bring 
about impacts to reptile and amphibian populations due to habitat fragmentation.  These 
environmental impacts are more fully detailed in the general impacts discussion Section 
4.0. 

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent revegetation of fill or borrow locations may allow for the introduction 
of weedy, non-native species.  A loss of native tree species due to grading and filling, as 
well as the introduction of weedy, non-native under-story species could also be expected 
in these areas.  The loss of woodland areas will impact songbird nesting and small 
mammal populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation.  These environmental impacts are more fully detailed in the general 
impacts discussion Section 4.0. 

At Action Level 1 (AL1), a total of 4.36 acres of potential oak forest/oak woodland, 4.60 
acres of wetlands, 3.31 acres of grasslands under easements, 12.97 acres of other 
grassland habitat and 2.82 acres of cover crop under easements would be impacted from 
the proposed levee construction in this location.  The loss of woodland areas would 
impact songbird nesting and small mammal populations, as well impacting reptile and 
amphibian populations due to habitat fragmentation.  Mitigation activities would require 
the acquisition of 8.72 acres of potential oak forest/oak woodland, 29.25 acres of 
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grasslands habitat and 2.82 acres of cover crop like upland habitat areas for these 
impacts.  This loss of wetland would require 9.20 acres of mitigation wetlands as set forth 
in the project mitigation policy developed through consultation with the Corps and FWS. 

At Action Level 2 (AL2), a total of 1.04 acres of oak forest/oak woodland, 0.34 acres of 
wetlands, 1.44 acres of grasslands under easements, 4.58 acres of other grassland habitat 
and 1.18 acres of cover crop under easements would be impacted from the proposed 
levee construction in this location.  The loss of woodland areas would impact songbird 
nesting and small mammal populations, as well impacting reptile and amphibian 
populations due to habitat fragmentation.  Mitigation activities would require the 
acquisition of 8.72 acres of oak forest/oak woodland, 10.6 acres of grasslands habitat and 
1.18 acres of cover crop like upland habitat areas for these impacts.  This loss of wetland 
would require 0.68 acres of mitigation wetlands as set forth in the project mitigation 
policy developed through consultation with the Corps and FWS. 

At the action level requiring relocation of the City of Minnewaukan, a total 6.21 acres of 
potential oak forest/oak woodland, 6.09 acres of wetland and 63.7 acres of grasslands 
habitat would be impacted within the proposed relocation area.  The loss of woodland 
areas would impact songbird nesting and small mammal populations, as well impacting 
reptile and amphibian populations due to habitat fragmentation.  Mitigation activities 
would require the acquisition of 12.42 acres of potential oak forest/oak woodland and 
127.4 acres of grasslands in like upland habitat areas for these impacts.  This loss of 
wetland would require 12.18 acres of mitigation wetlands as set forth in the project 
mitigation policy developed through consultation with the Corps and FWS. 

4.4.3.5 Effects on Existing Infrastructure and Utilities 

•  Levee 4F would tie into the embankment of the proposed relocated US Highway 281.  
Levee 4F is not currently planned to be constructed as a combined road/levee, but 
could provide a second means of egress from the city should such an improvement be 
desired in future design considerations.  The alignment of levee 4F crosses 45 ½ 
Street NE west of the city and the levee could be designed to carry traffic to US 
Highway 281 via 45 ½ Street NE. 

•  Construction of levee 4B would result  in closing/abandoning “E” Avenue and 
portions of other local streets. 

•  Utilit ies in the vicinity of all levees should be reviewed in detail during final design.  
Currently, most major utilit ies such as water, sanitary, telephone, and others are 
routed underground.  The city water supply and sanitary forcemain to the water 
treatment plant would both pass under levee 4C. 
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•  The North Dakota Telephone Company (NDTC) has a central switching station in the 
City of Minnewaukan that serves the city as well as the surrounding rural area.  Any 
relocation strategy that includes moving the telephone switching station would 
require rerouting service to the rural communities as well.  Relocation of this station 
was included in the costs for this feature. 

4.4.3.6 Interdependencies  

The City of Minnewaukan is a center of activity for Benson County, providing much of 
the necessary services for the rural community.  Therefore, it  is interdependent with the 
entire surrounding rural community.  The protection of Minnewaukan is related to the 
following features: 

•  Feature 8: Rural Areas – the North Dakota Telephone Company (NDTC) has a 
central switching station in the City of Minnewaukan that serves the city as well as 
the surrounding rural area.  Any relocation strategy that includes moving the 
telephone switching station would require rerouting service to the rural communities 
as well. 

•  Feature 13: US Highway 2 – US Highway 2 provides a main transportation route in 
and out of the city. 

•  Feature 16: US Highway 281 (South of US Highway 2) – Highway 281 passes 
through the city limits and is the major thoroughfare for traffic.  Relocation or raise 
of Highway 281 will affect access to the city and will also affect the location of the 
city in any relocation alternatives. 

•  Feature 18: ND Highway 19 – ND Highway 19 provides a main transportation route 
in and out of the city. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.4.3.7 O&M 

The annual costs for operation and maintenance of the pumps and levees were estimated 
using data from the City of Devils Lake levees and pumping stations obtained from the 
Corps. 

The annual maintenance costs for the levees were assumed to be 1% of the initial 
construction cost.  The annual operation and maintenance cost for the pump station was 
assumed to be 1.5% of the pump station construction costs plus $15,000 for electricity. 
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4.4.3.8 Lead Time Required 

Planning and implementation of flood protection measures must begin well in advance of 
the time when lake water would actually begin causing damage to the feature.  The 
amount of lead time will depend on the amount of time needed to plan and implement the 
flood protection measure.  For the City of Minnewaukan, estimates of required times for 
the levee construction follows:  

•  Time required for planning and design – a lead time of about twelve months would 
be necessary for final design, preparation of construction documents and bidding. 

•  Time required for construction – constructing the Minnewaukan levees could be 
completed in one construction season.  The total t ime between initiation of final 
design and substantial completion of construction would be in the range of 18 to 24 
months. 

Lead time estimates were used along with the Corps-provided probability-based 
projection of the rate of rise of Devils Lake to produce the tables of critical lake levels 
presented in Section 4.0. 

For incremental relocation of structures within the City of Minnewaukan, no estimate of 
lead time was needed.  The City of Minnewaukan signed the FEMA waiver to their 
typical flood disaster policy that allows structures to be eligible for buyouts prior to the 
structures being damaged.  Incremental relocations would be done on an as-needed basis, 
with lead time based on the National Weather Service’s spring prediction of expected 
water levels.  An exception would be if relocation of the entire city were implemented.  
Adequate lead time would be necessary for planning, property acquisition, development 
of infrastructure, and relocation of structures.  It was assumed that a total of two years 
may be necessary for planning the relocation.  An additional two years would likely be 
required to construct the infrastructure and conduct the relocation of the entire city. 

4.4.3.9 Potential Problems and Risks 

Potential problems and risks associated with the levees and structure relocations include: 

•  Lake level: delayed decisions or faster rising lake levels may require the construction 
of cofferdams. 

•  The construction of a levee around the City of Minnewaukan may reduce the 
aesthetic value of the city; therefore, the value of structures may depreciate under the 
levee strategy. 
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•  Utilit ies may need to be abandoned or relocated as part of the house relocations or 
levee construction. 

•  Approximately 5,200 feet of the levee alignment overlies lake bed deposits, which 
may need to be excavated.  It is assumed that approximately 1,200 feet of levee 
alignment will require cut-off wall or excavation of permeable sub-soil.  

•  Relocation of the entire city would require detailed coordination with utility 
companies.  The existing telephone switching facility in the city is essential for 
telephone service to the city and surrounding community and a detailed cost estimate 
for relocation was not available.  According to an engineer at North Dakota 
Telephone Company, relocation of the facility would cost “at least one million 
dollars,” but a more precise figure was not available without a detailed plan for the 
new city.  The extent of electrical infrastructure changes for various protection 
strategies is also unclear.  For example, it  is unclear if a new substation, new 
transmission lines, or other electrical infrastructure would be needed for the 
relocation strategy. 

•  Topography east of the city is such that current lake levels are already encroaching 
on the levee alignment, particularly in the area around US Highway 281 as it  enters 
the north end of the city.  Because structures in that area are scheduled for relocation, 
the levee may need to be realigned during final design to allow for initial 
investigations in dry conditions. 

4.4.3.10 Data Deficiencies 

•  Borings will need to be completed in the areas of the beach and alluvial deposits to 
determine the need for and extent of remedial features (i.e., cutoff walls).  A total of 
15 borings were assumed. 

•  Verify location, number, and elevation of homes that would need relocating. 

•  Determine precise locations of above ground and buried utilit ies. 

•  Locate and evaluate nearby cultural resources that were identified. 

•  Although new sewage treatment ponds have been constructed at high ground, the 
elevations of manholes, sanitary sewers, and sewage lift  stations must be reviewed in 
detail to determine actual impacts. 

•  Structures were assumed to be relocated when damages begin to occur to the 
structure (when lake level approaches ground elevation at structure).  Each structure 
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to be relocated must be reviewed to confirm estimated ground elevation and to 
document elevation damages actually occur due to potential utilit ies, basements, low 
house openings, etc. 

4.4.4 Economics of Flood Protection 
Damages: For the Infrastructure Protection Study’s analysis, the flood damage estimates for the 
City of Minnewaukan were reassessed in order to update and more accurately characterize the 
nature of the damages.  The updated damage computations for the City of Minnewaukan are 
summarized in the accompanying Table 4.4-1.  All damages were estimated up to the maximum 
lake level (1463).  

•  Loss of homes – There are 24 residences and a few other structures located between 1451 and 
1455.  The number and combined value of homes increases significantly at about elevation 
1455.  Approximately 90% of the single-family homes in the city lie above 1455.  The 
majority of the property at risk in the city is located between 1456 and 1463.  Structures 
above 1463 that would be severed from the main land were assumed to be damaged due to 
safety concerns. 

•  Loss of historical buildings – The Benson County Courthouse and Grace Episcopal Church 
are listed in the National Register of Historic Places.  Existing damage estimates include the 
assessed value of the property.  The Benson County Courthouse has an estimated value 
around $2,000,000, making it  the most valuable single property in the city, and accounting 
for about 8% of the total estimated value of all property within the city. 

•  Loss of commercial and municipal properties – As with homes in the city, the majority of 
commercial and municipal properties at risk are between elevations 1456 and 1463.  
Significant properties in the city include the public school, the grain elevator, the museum, 
and four churches.  These items taken together account for over 10% of the total value of all 
property within the city. 

•  Loss of the telephone switching station that serves the entire surrounding area. 

•  Loss of access on major highways and rail lines. 

•  Damages to streets, utilit ies, lots and land are listed under levee strategies.  These damages 
can only be protected by the levee strategy, therefore levee strategies prevent more damages. 

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  An updated (as of 2002) list  of assumptions regarding the damage computations, data 
sources, and other aspects of the economic analysis for the City of Minnewaukan are listed in the 



P:\34\36\020\2002-4 4.4-22 

City of Minnewaukan Infrastructure Protection Study Assumptions listing, attached to this 
Section 4.4. 

Costs: The updated costs of providing flood protection for the City of Minnewaukan are detailed 
in the accompanying Table 4.4-2 for the City of Minnewaukan.  Unit prices, data sources, and 
relevant assumptions are listed.  All costs are given in 2002 dollars.  

The costs for the levee include the levee construction, geotechnical items, environmental issues, 
and an interior drainage system.  Pump costs were estimated from previous Devils Lake pumping 
stations and verified with other typical pumping station cost curves.  

The costs for relocation of the entire city at the Action Level 1 (AL1) assume that the majority of 
the relocations would start  when the lake affects the large concentration of structures above 1454.  
These costs also include construction of new utilit ies and infrastructure, which would need to be 
developed before relocation of structures could begin.  The lowest structures would be moved 
first, as the new infrastructure is constructed. Relocation costs included structures above 1463 
that would be severed from the main land.  Incremental relocations included only the costs to 
relocate structures at each action level, including the structures that would be severed. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for the City of Minnewaukan are listed in the City of 
Minnewaukan Infrastructure Protection Study Assumptions listing, attached to this Section 4.4. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.4-2).  Contingencies for riprap, geotechnical items, and the interior drainage system 
were estimated at the higher end of the range because of the potential variability in the quantities 
and unit prices.  Under the incremental relocation strategy, the contingencies for relocation of the 
county courthouse, barns, and utilit ies were estimated at the higher end of the range because of 
the potential variability in the expected costs. 

4.4.5 Economic Results 
Three flood protection strategies were analyzed for this feature for all action levels: incremental 
levee raise, incremental relocation, and relocation of the entire city.  The results of the 
Infrastructure Protection Study for City of Minnewaukan are listed in Table 4.4-3a for the 
analysis of all action levels and in Table 4.4-3b for the analysis of the first action level. 

Multiple  Action Level Stochastic Analysis Results:  The stochastic analysis indicated that 
incremental levee raises were the flood protection strategy that showed the largest net benefits. 
This strategy is highlighted on the decision tree (Figure 4.4-2).   
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The annual net benefits for this approach were less than zero (-$25,300).  The BCR for this 
approach was less than one (0.88).  These results show that this strategy is not economically 
justified.  The annual damages prevented by this levee raise strategy are $186,600.  The stochastic 
results are averages over 10,000 traces. 

A sensitivity analysis was conducted on the without-project (no action) condition for this feature, 
assuming that the most likely strategy of incremental relocations was used as the without-project 
condition.  By revising the without-project condition, the annual average net benefits for the 
incremental levee raises would be $29,500.  The positive net benefits indicate that this flood 
protection strategy is economically justified, assuming that incremental relocations are the 
without-project condition.  

Multiple  Action Level Results for Specific Scenarios:  All of the flood protection strategies 
were also analyzed under three specific climate futures.  For the City of Minnewaukan, the 
resulting economic indices for each of the three specific climate futures are as follows: 

•  Wet Future – For the wet future, the strategy with the largest net benefits was incremental 
levee raises.  The annual net benefits were $149,700, and the BCR was 1.17, indicating that 
this strategy was economically justified.  The annual damages prevented by this levee raise 
strategy are $1,038,700.  Under the wet future scenario, the costs and benefits for both action 
levels are incurred within the first  ten years, indicating that if the lake is going to rise to the 
second damage level very quickly, protection with a levee is feasible economically. 

•  First Moderate Future – For the first  moderate future, the lake levels do not reach the 
elevation of the first  damages or costs that are incurred for this feature. 

•  Second Moderate Future – For the second moderate future, the strategy with the largest net 
benefits was incremental relocations.  The net benefits were -$90,400 and the BCR was 0.77.  
The net benefits for incremental levee raises were -$275,800, and the BCR was 0.55, 
indicating that neither strategy was economically justified.  The annual damages prevented by 
this levee raise strategy are $331,900.  For this future, incremental relocation showed larger 
net benefits because damages are only incurred at the first  action level, and levee costs are 
incurred for both action levels.  There is a high initial investment for the levee raises for the 
few homes that are protected by the first  levee raise (because the lake level drops prior to 
reaching the second level of damages). 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for the City of Minnewaukan, the Infrastructure Protection 
Study’s analysis also provided relevant economic indices for one incremental levee raise.  The 
annual net benefits for this approach were less than zero (-$23,600).  The BCR for this approach 
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was less than one (0.85).  These results show that this strategy is not economically justified.  The 
annual damages prevented by this levee raise strategy are $136,700.  The stochastic results are 
averages over 10,000 traces. 

The results for the first  action level are similar to the results computed for all action levels for this 
feature.  No sensitivity analysis could be conducted for the first  action level analysis, since the 
incremental levee strategy was the only strategy that was analyzed.  However, the costs indicate 
that the first  levee raise is less expensive than the first  relocations.  Therefore, if the without-
project condition were revised to reflect incremental relocations, the net benefits for the first  
incremental levee raise would be positive. 

First Action Level Results for Specific Scenarios:  One incremental levee raise was also 
analyzed under each of three specific climate futures.  For the City of Minnewaukan, the 
economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of one 
incremental levee raise were -$62,000, and the BCR was 0.89, indicating that this strategy 
was not economically justified.  The annual damages prevented by this levee raise strategy 
are $503,200.  The negative net benefits emphasize the fact that the incremental levee raise 
strategy is not economically feasible unless the lake rises to the second damage level (which 
were not considered in this analysis of the first  action level). 

•  First Moderate Future – Under the first moderate future climate scenario, the lake levels do 
not reach the elevation of the first  damages or costs that are incurred for this feature. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of one incremental levee raise were -$66,200, and the BCR was 0.83, indicating that 
this strategy was not economically justified.  The annual damages prevented by this levee 
raise strategy are $331,900. 
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DAMAGES

Action Level
Elevation 

Range
Relocation 
Strategies

(MSL)
AL1 1451-1458 $9,348
AL2 1458-1466 $15,694

DAMAGE BREAKDOWN

Quantity Units Unit Cost Value Quantity Units Unit Cost Value
(THOUSANDS) (THOUSANDS)

Relocation Residence 50 EA $88,000 $4,400 Residence 88 EA $88,000 $7,744
Strategies Apartment Complexes 2 EA $402,000 $804 Apartment Complexes 0 EA $402,000 $0

Trailer Court 2 EA $275,000 $550 Trailer Court 0 EA $275,000 $0
Agricultural Silos 1 EA $26,500 $27 Agricultural Silos 0 EA $26,500 $0
Commercial Properties 4 EA $148,000 $592 Commercial Properties 17 EA $148,000 $2,516
Telephone Switching Fac. 0 EA $1,000,000 $0 Telephone Switching Fac. 1 EA $1,000,000 $1,000
Grain Elevator 0 EA $704,000 $0 Grain Elevator 1 EA $704,000 $704
Church 2 EA $322,000 $644 Church 2 EA $322,000 $644
School 1 EA $1,022,000 $1,022 School 0 EA $1,022,000 $0
Museum 1 EA $332,000 $332 Museum 0 EA $332,000 $0
Library 0 EA $432,000 $0 Library 1 EA $432,000 $432
Courthouse 0 EA $2,000,000 $0 Courthouse 1 EA $2,000,000 $2,000
Government/Public 5 EA $109,000 $545 Government/Public 6 EA $109,000 $654
Barns 6 EA $72,000 $432

$9,348 $15,694
Levee Residence 50 EA $88,000 $4,400 Residence 88 EA $88,000 $7,744
Strategies Apartment Complexes 2 EA $402,000 $804 Apartment Complexes 0 EA $402,000 $0

Trailer Court 2 EA $275,000 $550 Trailer Court 0 EA $275,000 $0
Agricultural Silos 1 EA $26,500 $27 Agricultural Silos 0 EA $26,500 $0
Commercial Properties 4 EA $148,000 $592 Commercial Properties 17 EA $148,000 $2,516
Telephone Switching Fac. 0 EA $1,000,000 $0 Telephone Switching Fac. 1 EA $1,000,000 $1,000
Grain Elevator 0 EA $704,000 $0 Grain Elevator 1 EA $704,000 $704
Church 2 EA $322,000 $644 Church 2 EA $322,000 $644
School 1 EA $1,022,000 $1,022 School 0 EA $1,022,000 $0
Museum 1 EA $332,000 $332 Museum 0 EA $332,000 $0
Library 0 EA $432,000 $0 Library 1 EA $432,000 $432
Courthouse 0 EA $2,000,000 $0 Courthouse 1 EA $2,000,000 $2,000
Government/Public 5 EA $109,000 $545 Government/Public 6 EA $109,000 $654
Barns 6 EA $72,000 $432
Lots 120 EA $313 $38 Lots 352 EA $313 $110
Land 83 EA $400 $33 Land 128 EA $400 $51
Utility Improvements 1 LS $900,000 $900 Utility Improvements 1 LS $900,000 $900
Street Improvements 1 LS $175,000 $175 Street Improvements 1 LS $175,000 $175

$10,493 $16,930

1 Damages for levee strategies is listed here for information only.  Due to limitations of the economics model, damages cannot vary based on the strategy analyzed.

Structure Elevation 1451-1458 Structure Elevation 1458-1466
Description

Total

Description

Total

Total Total

Table 4.4-1

Flood Damages
Feature 4: City of Minnewaukan

Devils Lake Infrastructure Protection Study

Levee Strategies1

$10,493
$16,930

(THOUSANDS)
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S (2)

Action Level
Cost to Relocate Structures

at AL1 and AL2

AL1 $12,206
AL2 $21,668

COST BREAKDOWN

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Relocation Residence 138 EA $94,000 30% $16,864
of Entire City Apartment Complexes 2 EA $402,000 30% $1,045

Trailer Court 2 EA $335,000 30% $871
Agricultural Silos 0 EA $26,500 30% $0
Commercial Properties 18 EA $154,000 30% $3,604
Telephone Switching Fac. 1 EA $1,000,000 30% $1,300
Grain Elevator 1 EA $704,000 30% $915
Church 3 EA $322,000 30% $1,256
School 1 EA $1,022,000 30% $1,329
Museum 1 EA $332,000 30% $432
Library 1 EA $432,000 30% $562
Courthouse 1 EA $2,000,000 50% $3,000
Government/Public 7 EA $115,000 30% $1,047

$32,223
 Performance/Payment Bond 1 JB $127,014 10% $140
Municipal Electric Infrastructure 1 LS $400,000 50% $600
Construction Stripping 254.5 AC $6,510 50% $2,485

Grading 254.5 AC $510 50% $195
Site Restoration 254.5 AC $15,000 50% $5,726
Curb and Gutter 82,000 LF $7.25 50% $892
30' W Bituminous Roadway 34,000 LF $54 50% $2,754
45' W Bituminous Roadway 7,000 LF $81 50% $851
Sanitary Forcemain 4,500 LF $62 50% $419
Sanitary Lift Station 1 EA $200,000 50% $300
Sanitary Sewer 19,000 LF $53 50% $1,511
Water Tower 1 EA $110,000 50% $165
Supply from Water Plant 1,500 LF $50 50% $113
Water main 17,000 LF $50 50% $1,275
Utility Trench 41,000 LF $14 50% $861
Environmental Impacts
Mitigation 1 LS $49
HTRW 1 LS $117
Cultural Resources Investigation 1 LS $104

$18,554
Engineering and Design 15% $2,783
Supervision and Administration 8% $1,484
Real Estate Acquisition for ROW 1 LS $150

$55,194

Incremental Residence 50 EA $94,000 30% $6,110 Residence 88 EA $94,000 30% $10,754
Relocation Apartment Complexes 2 EA $402,000 30% $1,045 Apartment Complexes 0 EA $402,000 30% $0

Trailer Court 2 EA $335,000 30% $871 Trailer Court 0 EA $335,000 30% $0
Agricultural Silos 1 EA $26,500 30% $34 Agricultural Silos 0 EA $26,500 30% $0
Commercial Properties 4 EA $154,000 30% $801 Commercial Properties 17 EA $154,000 30% $3,403
Telephone Switching Fac. 0 EA $1,000,000 30% $0 Telephone Switching Fac. 1 EA $1,000,000 30% $1,300
Grain Elevator 0 EA $704,000 30% $0 Grain Elevator 1 EA $704,000 30% $915
Church 2 EA $322,000 30% $837 Church 2 EA $322,000 30% $837
School 1 EA $1,022,000 30% $1,329 School 0 EA $1,022,000 30% $0
Museum 1 EA $332,000 30% $432 Museum 0 EA $332,000 30% $0
Library 0 EA $432,000 30% $0 Library 1 EA $432,000 30% $562
Courthouse 0 EA $2,000,000 50% $0 Courthouse 1 EA $2,000,000 50% $3,000
Government/Public 5 EA $115,000 30% $748 Government/Public 6 EA $115,000 30% $897

$12,206 $21,668
Incremental 
Levee Raise

Raise Top of Levee for AL1 Raise Top of Levee for AL2
Performance/Payment Bond 1 JB $55,484 10% $61 Performance/Payment Bond 1 JB $35,247 10% $39
General Relocation 2 EA $8,500 30% $22 Residence Relocation 0 EA $94,000 30% $0
Government/Public 1 EA $115,000 30% $150
Barns 3 EA $72,000 50% $324
Levee Construction Levee Construction
Clearing and Grubbing 16.0 AC $3,000 30% $62 Clearing and Grubbing 18.0 AC $3,000 30% $70
Stripping (1') 26,100 CY $1.50 30% $51 Stripping (1') 28,900 CY $1.50 30% $56
Inspection Trench 10,300 LF $4.00 30% $54 Inspection Trench 11,400 LF $4.00 30% $59
Levee Fill 95,900 CY $5.00 30% $623 Levee Fill 266,500 CY $5.00 30% $1,732
Bedding 16,100 CY $35 30% $733 Bedding 20,800 CY $35 30% $946
Riprap 22,700 CY $40 40% $1,271 Riprap 29,400 CY $40 40% $1,646
Sand Drain 23,800 CY $22 30% $681 Sand Drain 16,700 CY $22 30% $478
Topsoil (4") 4,200 CY $2.50 30% $14 Topsoil (4") 7,200 CY $2.50 30% $23
Seed 16.0 AC $1,000 30% $21 Seed 18.0 AC $1,000 30% $23
Interior Drainage/Pump Station Interior Drainage/Pump Station
Culverts 11,850 LF $50 50% $889 Culverts 0 LF $50 50% $0
Channel 4,640 LF $40 50% $278 Channel 0 LF $40 50% $0
Pump Station 1 EA $2,500,000 30% $3,250 Pump Station 0 EA $0 50% $0
Geotechnical Geotechnical 
Slurry Wall 24,000 SF $6.00 50% $216 Slurry Wall 0 SF $6.00 50% $0
Borings 15 EA $1,000 50% $23 Borings 0 EA $1,000 50% $0
Excavation of Unsuitable Material 14,500 CY $8.50 50% $185 Excavation of Unsuitable Material 0 CY $8.50 50% $0
Environmental Impacts Environmental Impacts
Mitigation 1 LS $17 Mitigation 1 LS $4
HTRW 1 LS $44 HTRW 1 LS $1
Cultural Resources Investigation 1 LS $104 Cultural Resources Investigation 1 LS $0

$9,071 $5,079
Engineering and Design 15% $1,361 Engineering and Design 15% $762
Supervision and Administration 8% $726 Supervision and Administration 8% $406
Real Estate Acquisition for ROW 1 LS $140 Real Estate Acquisition for ROW 1 LS $60

$11,298 $6,307

ANNUAL OPERATION AND MAINTENANCE COSTS

Action Level Levee Maintenance Pump O&M

AL1 $35 $53
AL2 $85 $53

Notes:
1. The cost for S(2) at AL1 includes relocating structures to lots within the existing city,
2. The cost for S(2) at AL2 includes relocating the entire city.
3. Levee maintenance costs shown are the cumulative totals for each respective level.

$6,307

S(2) AT AL2

Total Incremental Relocation

S

Cost to Relocate All 
Structures

at AL1

$55,194
$0

(THOUSANDS)

L(2)

Cost to Incrementally 
Raise at AL1, AL3

$11,298

Total Raise

S AT AL1

L(1)S AT AL1
L(2) AT AL2L(2) AT AL1

Total Relocation of Entire City
S(1) AT AL1

$138
$88

L AT AL1

(THOUSANDS)

Subtotal

Total Operation and 
Maintenance Cost

Subtotal

Total Raise

Table 4.4-2

Flood Protection Costs
Feature 4: City of Minnewaukan

Incremental Relocation Subtotal

Devils Lake Infrastructure Protection Study

Cost to Incrementally Raise at AL1, Relocate All Remaining 
Structures at AL2

L(1)S

$11,298
$55,194

L

Cost to Raise at AL1

$17,605

Incremental Municipal Construction Subtotal

$0
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $186,600 $186,600 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $719,300 $719,300 $18,500 $18,500 $168,100 -$551,200 0.23

L Raise Top of Levee to 1468 $229,400 $28,100 $0 $257,600 $0 $0 $186,600 -$71,000 0.72

L(1)S 1 Incremental Levee Raise: Relocae All Structures Below 1464 $147,200 $8,100 $376,300 $531,700 $18,500 $18,500 $168,100 -$363,600 0.32

L(2) 2 Levee Raises $190,200 $21,700 $0 $211,900 $0 $0 $186,600 -$25,300 0.88

S(2) 2 Incremental Relocations $0 $0 $222,900 $222,900 $18,500 $18,500 $168,100 -$54,800 0.75

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $1,038,700 $1,038,700 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $2,646,800 $2,646,800 $94,000 $94,000 $944,700 -$1,702,100 0.36

L Raise Top of Levee to 1468 $844,200 $107,200 $0 $951,500 $0 $0 $1,038,700 $87,200 1.09

L(1)S 1 Incremental Levee Raise: Relocae All Structures Below 1464 $541,800 $11,200 $2,214,500 $2,767,600 $94,000 $94,000 $944,700 -$1,822,900 0.34

L(2) 2 Levee Raises $794,900 $94,200 $0 $889,000 $0 $0 $1,038,700 $149,700 1.17

S(2) 2 Incremental Relocations $0 $0 $1,270,700 $1,270,700 $94,000 $94,000 $944,700 -$326,000 0.74

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $0 $0 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $0 $0 $0 $0 $0 $0 --

L Raise Top of Levee to 1468 $0 $0 $0 $0 $0 $0 $0 $0 --

L(1)S 1 Incremental Levee Raise: Relocae All Structures Below 1464 $0 $0 $0 $0 $0 $0 $0 $0 --

L(2) 2 Levee Raises $0 $0 $0 $0 $0 $0 $0 $0 --

S(2) 2 Incremental Relocations $0 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $331,900 $331,900 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $1,745,900 $1,745,900 $36,200 $36,200 $295,700 -$1,450,200 0.17

L Raise Top of Levee to 1468 $556,900 $68,200 $0 $625,000 $0 $0 $331,900 -$293,100 0.53

L(1)S 1 Incremental Levee Raise: Relocae All Structures Below 1464 $357,400 $2,600 $1,645,100 $2,005,000 $36,200 $36,200 $295,700 -$1,709,300 0.15

L(2) 2 Levee Raises $545,400 $62,400 $0 $607,600 $0 $0 $331,900 -$275,800 0.55

S(2) 2 Incremental Relocations $0 $0 $386,100 $386,100 $36,200 $36,200 $295,700 -$90,400 0.77

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.4 - 3a

Economics Results: All Action Levels -- to Lake Level 1463
Feature 4: City of Minnewauken

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio
Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $136,700 $136,700 $0 $0 --

L(1) 1 Levee Raise $147,200 $13,100 $0 $160,400 $0 $0 $136,700 -$23,600 0.85

Total Benefits Net Benefits Benefit- Cost Ratio
Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $503,200 $503,200 $0 $0 --

L(1) 1 Levee Raise $541,800 $23,400 $0 $565,200 $0 $0 $503,200 -$62,000 0.89

Total Benefits Net Benefits Benefit- Cost Ratio
Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $0 $0 $0 $0 --

L(1) 1 Levee Raise $0 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit- Cost Ratio
Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection or Relocation $0 $0 $0 $0 $331,900 $331,900 $0 $0 --

L(1) 1 Levee Raise $357,400 $40,700 $0 $398,000 $0 $0 $331,900 -$66,200 0.83

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.4 - 3b

Economics Results:  First Action Level
Feature 4: City of Minnewauken

Devils Lake Infrastructure Protection Study
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Attachment to 4.4: 
City of Minnewaukan Economic Analysis Assumptions 

A. General Assumptions  
1. Structure elevation data was obtained from the 2000 FEMA LIDAR 1-foot topography, and 

associated structure database (referred to hereafter as the FEMA database).  When this information 
conflicted with assumptions from the Economic Analysis of Devils Lake Alternatives, the FEMA 
information was used. 

2. Certain structures in the city have been moved, or it  was reported that they would be moved within 12 
months.  The new locations of these structures are unknown, but it  is assumed that they will remain 
within the city limits.  These include Trinity Lutheran Church and associated garage (FEMA 
structures 678 and 679), two homes and a garage west of West Avenue on “D” Street (FEMA 
structures 693, 697 and 702), and the residence and garage at 330 “B” Avenue (FEMA structures 691 
and 700). 

3. The Economic Analysis of Devils Lake Alternatives assumed that the low structure in the city lies at 
elevation 1448, based on maps supplied by the city staff showing curb and gutter elevations, selected 
survey points, and personal conversations with the County Assessor.  The current evaluation used the 
elevation information from the FEMA database.  The database column containing ground elevations 
at the structures was used as the elevation when a structure would be impacted. 

4. For levee and relocation strategies, it  was assumed that the five residences below 1454 will be 
temporarily protected until levee construction or relocation. 

B. Levees  
1. A decision was assumed to be made when the lake is at the Planning and Design Initiation Elevation 

(i.e., elevation when planning must begin due to lead time required to complete planning, design and 
construction to maintain desired protection levels.) 

2. For levee protection, it  was assumed that 3 feet of freeboard would be required for levees 4A and 4F, 
and 4 feet for levees 4B, 4C, 4D, and 4E at all action levels.  The assumed freeboard was based on 
calculated wave heights for this area plus 1 foot. 

3. A 40% contingency was applied to all riprap costs. 

4. A 50% contingency was applied to the interior pump station. 

5. Interior pond areas and volumes used for sizing of interior pump stations were calculated for the 
maximum levee elevation only. 
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6. Sand drains were assumed to be included for all levees with a height of 9 feet or greater at the 
maximum levee height (sand drains would need to be constructed during initial levee construction 
even though initial levee heights would be less than 9 feet). 

7. It  was assumed that the impervious fill materials for levees would come from nearby clay borrow 
areas. 

8. Although, it  was recognized that special handling, placement and compaction methods would be 
required for construction of impervious core, it  was assumed that the unit price for impervious core 
would be similar to levee fill.  Impervious core was includes in the levee fill quantity.   

9. The annual maintenance cost for the levees was assumed to be 1% of the construction costs. 

10. The annual operation and maintenance cost for the pump station was assumed to be 1.5% of the pump 
station construction costs plus $15,000 for electricity. 

11. The inspection trench was assumed for the initial levee construction (AL1) only. 

12. Seed quantity assumed to be the same as the topsoil area. 

13. Stripping of topsoil between levee raises was considered incidental. 

14. Levee quantities assume total volume of new topsoil added at each levee raise (new topsoil may 
include topsoil salvaged from previous levee construction—the unit price of any salvaged topsoil was 
assumed to be the same as for new topsoil). 

15. Levee quantities assume the 5 feet of riprap along the top of the levee would be salvaged and reused 
at each levee raise.   

16. It  was assumed that construction of levee sections 4D, 4E, and 4F would provide flood protection 
along an unnamed coulee along the northwest city limits during runoff events. 

17. For levee raises, the lake damage elevation was assumed to be one-half the height of its freeboard. 

18. For levee strategies, each lot was assumed to be $313.  According to the city assessor during the 
economic analysis, each lot had an assessment value of $300.  The updated value is $313. 

19. For levee strategies, land value was assumed to be $400/acre.  This value was provided by the Corps 
of Engineers (personal communication April 2001) and is an estimate of the average value of land 
surrounding Devils Lake. 

20. For levee strategies, utility improvements were assumed to be $1,800,000 based on November 2002 
phone conversation with Minnewaukan city council member (George Howard). 
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21. For levee strategies, street improvements were assumed to be $350,000 based on November 2002 
phone conversation with Minnewaukan city council member (George Howard). 

C. Residential and Commercial Buildings 
1. For relocation strategies, structures were assumed to be relocated when the lake level approached the 

ground elevation at each structure and damages would occur.  Damages were assumed to begin when 
the lake elevation was 1 foot below the structure ground elevation to account for potential wave 
action.  

2. The average value of a house in Minnewaukan is estimated to be $88,000.  This figure was obtained 
from the Federal Emergency Management Agency (FEMA) and represents the average value of rural 
houses located around Devils Lake, excluding houses on the Spirit  Lake Nation Reservation.  The 
value for each house was determined for FEMA by certified flood insurance adjusters and was based 
on total habitable square footage of the buildings and standardized real estate appraisals (FEMA, 
personal communication, March, 2001).  These values did not include the value of the land on which 
the houses were located.  The $88,000 average was based on rural houses only, therefore houses in 
the Cities of Minnewaukan and Devils Lake were not included in the analysis.  However, the analysis 
did include many houses in the area surrounding Minnewaukan.  Therefore, it  was assumed that the 
average value of a residence in Minnewaukan was same as in the surrounding area.   

3. Relocation costs for residences were estimated to be $94,000.  This cost includes the average value of 
a house in Minnewaukan ($88,000) and the estimated cost for demolition and site restoration 
($6,000).  Damages for each residence was $88,000. 

4. The values and relocation costs for the structures and properties described below were obtained from 
the FEMA infrastructure database as provided by Paul Seeley, FEMA, October 2002: 

a. The value of each apartment complex was $402,000 based on the average of all apartments, 

b. The value of each trailer court was $275,000 based on the average of all trailer courts.  For 
relocation strategies, costs were increased by $60,000 (estimated 10 units at $6,000) to $335,000 
to include demolition and site restoration.  Damages for each trailer court was $275,000. 

c. The value of each barn was $72,000 based on the average of all barns. 

d. The value of each agricultural silo was $26,500. 

e. The value of each commercial property was $148,000 based on the average value of all 
commercial properties.  For relocation strategies, costs were increased by $6,000 to $154,000 to 
include demolition and site restoration.  Damages for each commercial property was $148,000. 

f. The value of the grain elevator was $704,000. 
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g. The value of each church was $322,000, based on the average value of all churches. 

h. The value of the school was $1,022,000. 

i. The value of the museum was $332,000. 

j. The value of the library was $432,000. 

k. The value of the courthouse was $2,000,000. 

l. The value of each governmental/public structure was $109,000, based on the average value of all 
churches Governmental/Public structures.  For relocation strategies, costs were increased by 
$6,000 to $115,000 to include demolition and site restoration.  Damages for each governmental/ 
public building was $109,000. 

5. For relocation strategies, it  was assumed that the pool and park were not relocated.  The pool is in 
very poor condition, and has not been used in recent years because of its poor condition. 

6. The cost for relocation/rebuilding of commercial and public facilit ies was assumed to be 100% of the 
value of the structure and property. 

D. Relocation Strategies  
1. At Action Level 1 (AL1), it  was assumed that all structures in the city would need to be moved to an 

adjacent site.  Infrastructure would be required for the municipal construction.  It  was also assumed 
based on conversation with the Corps of Engineers that the relocation strategy at the ultimate lake 
level (1463) would include moving all structures, even those above elevation 1463, to prevent 
structures from being isolated or surrounded by water.  An incremental relocation strategy was also 
analyzed.  The incremental relocation assumed that structures would be moved to other towns.  This 
strategy would not require new municipal construction and could result  in the abandonment of the 
City of Minnewaukan. 

2. The Economic Analysis of Devils Lake Alternatives did not include a detailed estimate of the cost of 
infrastructure that would be required in a relocation strategy.  In order to more accurately reflect the 
actual cost of the relocation strategy, the following infrastructure assumptions and costs were used: 

a. In the absence of specific information, it  was assumed that the relocated city would include 
similar quantities and sizes of infrastructure as the existing city, including surface area, length of 
roadway, curb and gutter, sewer pipes, water piping, and hookup of utilit ies at each structure 
moved.  Unit prices for new construction from similar projects or from Means 2002 Heavy 
Construction Cost Data (Means) were used for estimating costs.  The multiplier given in Means 
is 0.807 for Devil’s Lake 
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b. The relocation site was chosen because it  lies close to the existing city, is close to the proposed 
reroute of US Highway 281, is owned by one party, is contiguous and currently not developed 
except for agriculture, and has relatively few delineated wetland areas.  The relocation site 
provides slightly more surface area than the current City of Minnewaukan.  Costs of the 
relocation include stripping, grading, and site restoration based on the total area of the relocation 
site. 

•  Topsoil stripping was assumed to be $2.50/CY based on unit prices from the Pump Station 
MCACES and 2 feet of topsoil to strip.  The cost for “stripping” was calculated to be 
$6510/acre. 

•  Grading was based on Means Section 02300 for “finish grading, gentle slopes” at $0.13/SY.  
The cost for “grading” was converted to $510/acre. 

•  Restoration was based on Means Section 02300 for “spreading top soil” amount per acre 
calculated above to rough finish ($4.14/CY) and top dressing with an additional 1CY/600 SF.  
Seeding of turf mix was assumed to be by hydroseeding, mulch and fertilizer and cost was 
taken from Section 02920.  The cost for the combined restoration items was calculated to be 
$15,000/acre. 

c. The approximate length of roadway within the City of Minnewaukan was scaled off maps 
supplied by KMJ Engineering of Devils Lake, ND.  It  was assumed that all roads were 
bituminous with concrete curb and gutter on each side.  Based on the maps, it  appeared that major 
thoroughfares were 45 feet curb-to-curb, and other roads were 30 feet curb-to-curb.  The total 
length of each type of road was determined, and it  was assumed the relocated city would have the 
same length of each type of roadway.  It  was further assumed that the total length of curb and 
gutter was twice the total length of roadway (curb and gutter on both sides of every street). 

•  Curb and Gutter was based on Means Section 02770 for machine-formed 24-inch-wide curb 
and gutter.  The cost of $7.25/LF was not adjusted by the City of Devils Lake multiplier. 

•  Bituminous Roadway costs were calculated per linear feet (LF) based on Means Section 
02700.  An 8-inch compacted gravel base was assumed with 2-inch base course and 2.5-inch 
wear course.  Grading was previously included.  The cost for 30-foot-wide roads was $54/LF. 
The cost for 45-foot-wide roads was $81/LF. 

d. At the suggestion of the North Dakota Telephone Company, it  was assumed that a utility trench 
would be included along with road construction to allow for underground installation of multiple 
utilit ies in the same trench.  The length of utility trench was assumed to be the same as the 
calculated length of roadway. 
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•  Utility Trench was based on Means Section 01030 and assumed to be 6 feet deep.  The cost 
for utility trench was $14/LF. 

e. It  was assumed that storm drainage would mainly consist of grading within the relocated city; 
therefore, no cost was included for storm sewer. 

f. It  was assumed that a new water tower would be constructed at the relocation site, and a new 
supply line would be run from the existing water plant directly to the relocation site.  The length 
and size of water supply piping was computed from maps supplied by KLJ Engineering of Devils 
Lake, ND.  The major distribution piping was 8-inch PVC pipe, with some 6-inch pipe used in 
branches of the system.  Typical service to the residents was through 1-inch copper lines to 
individual properties.  For the relocation strategy, it  was assumed that the total length of pipe was 
the same as the existing system, but that all new pipes would be 8-inch PVC.  A 1-inch copper 
line was assumed for each structure relocated, with an average length of 80 feet.   

•  The water tower was assumed to have a 100,000 gal capacity.  The cost of $229,000 was 
based on Means and was not adjusted by the Devils Lake multiplier.   

•  Supply from the Water Plant and Water Main were assumed to be 10-inch PVC and were 
estimated per linear feet (LF).  Costs for the trenching and pipe bedding were based on Means 
Section 01030 using 10-foot-deep trenches 2 feet wide and 1 to 1 slope.  Pipe material was 
based on Means Section 02500.  The cost for supply from the water plant was $50/LF. The 
cost for water main was $50/LF. 

g. It  was assumed that a new sanitary lift  station would be required at the relocation site, and a new 
forcemain would be run to the existing water plant directly from the relocation site.  The length 
and size of sewer piping was computed from maps supplied by KLJ Engineering of Devils Lake, 
ND.  The major piping was 8-inch DIP, with some 6-inch DIP used in branches of the system.  
Service to properties was not shown on the map, but 3-inch DIP service was assumed.  For the 
relocation strategy, it  was assumed that the total length of pipe was the same as the existing 
system, but that the new forcemain would be 12-inch DIP.  A 3-inch DIP line was assumed for 
each structure relocated, with an average length of 80 feet. 

•  The Sanitary Lift  Station was based on recent submersible lift  stations bid in the Twin Cities 
and on estimates provided by Sioux Utilit ies for City of St. Michael.  The cost for sanitary lift 
station was $200,000.  Associated piping/forcemain was estimated separately. 

•  Sanitary Forcemain was assumed to be 12-inch diameter DIP at an 8-foot bury and was 
estimated per linear feet (LF).  Costs for the trenching and pipe bedding were based on Means 
Section 01030 using 10-foot-deep trenches 2 feet wide and 1 to 1 slope.  Pipe material was 
based on Means Section 02500.  The cost for sanitary forcemain was $62/LF. 
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•  Sanitary Sewer was assumed to be 8-inch diameter DIP at an 8-foot bury and was estimated 
per linear feet (LF).  Costs for the trenching and pipe bedding were based on Means Section 
01030 using 10-foot-deep trenches 2 feet wide and 1 to 1 slope.  Pipe material was based on 
Means Section 02500.  The cost for sanitary sewer was $53/LF. 

h. It  was assumed that in addition to proving electrical hookup for new service at each relocated 
structure (cable from distribution system, grounding rod, and hookup to panel inside structure), 
some major infrastructure would be needed including a new distribution system and substation 
near the relocation site.  Based on conversations with Ottertail Power during preparation of the 
economic analysis for the City of Devils Lake, a substation was assumed to be $100,000 and the 
distribution system to provide electricity to the new city was assumed to be $1,500 per user.  The 
electrical infrastructure was assumed to be $400,000. 

i. It  was assumed that moving the telephone switching facility was the major cost for telephone 
infrastructure, but hookup for service to each relocated structure was also included.  The cost of 
relocating the switching station was taken from a conversation with Tom Hunter at North Dakota 
Telephone Company, and was assumed to be $1,000,000. 

j. There is currently no gas service in the city, therefore no cost was included for gas service 
infrastructure. 
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4.5 Summary of Infrastructure Protection Investigation for 
Feature 5:  St. Michael 

4.5.0 Flood Protection Strategy 
The Infrastructure Protection Study indicates that the flood protection strategy with the largest net 
benefits for St. Michael was relocation of all structures (residences and sewage lagoons).   

4.5.1 General Information  
Feature Type:  Community 

Location:  St. Michael is located along the south side of Devils Lake in Benson County.  The 
majority of the town is adjacent to BIA Highway 1 just north of the intersection of BIA 
Highway 1 and BIA Highway 6.  The accompanying Figure 4.5-1 shows the feature’s location 
and approximate extents, and the inundation extents at the three reference lake levels (1447, 
1454, and 1463). 

Description:  St. Michael is an unincorporated town. 

Significance:  St. Michael is important because of the density of infrastructure in this primarily 
rural community.  Although St. Michael has not been significantly affected by the rising lake 
level to date, several homes and a sewage lagoon could be affected by rising lake levels.  
St. Michael is a primary community for the Spirit  Lake Nation. 

Damages:  The flooding of St. Michael would result  in the following damages: 

•  Loss of residences 

•  Loss of access for 16 residences at 1460 

•  Loss of two sewage lagoons (the north sewage lagoon at 1451 and the south sewage lagoon at 
1455) 

O wner/Sponsor: The Spirit Lake Nation is responsible for managing and maintaining 
St. Michael. 

Lead Federal Agency:  The Corps of Engineers would take the lead for St. Michael for any flood 
protection work that may take place.  The Federal Emergency Management Agency (FEMA) 
would coordinate relocation of structures. 
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4.5.2 Feature Protection 
History of Flood Protection:  St. Michael is located in the area that is currently being protected 
by roads that are acting as dams.  Therefore, the flood level at St. Michael is much lower than the 
level of Devils Lake.  In the past, flood protection for St. Michael has consisted of raising berms 
around the sewage lagoons.   

General Protection Strategy:  The Infrastructure Protection Study’s analysis for St. Michael 
allowed for reconsideration of flood mitigation options at each of several action levels.  In 
general, at  each of these levels, a choice would be made as to whether to protect the feature or 
abandon it .  Flood protection options for St. Michael included: 

•  Construction of a levee to protect the most vulnerable (north) part of town.  The levee would 
protect 10 residences and access to 16 other homes.  The sewage lagoons would still need to 
be relocated along with construction of a lift  station (for the north sewage lagoon) to maintain 
service to the existing homes.   

•  Relocation of the town’s sewage lagoons and the affected residences. 

Protection Strategy by Action Level:  A variety of flood protection strategies were analyzed for 
St. Michael.  These strategies are represented on Figure 4.5-2 as separate branches of the decision 
tree.  Further investigations showed that the original decision tree for St. Michael needed to be 
updated.  These updates have been included on Figure 4.5-2.  The updates included: adding 
multiple levee raises and relocating the two sewage lagoons. 

The stepwise approach to flood protection for the St. Michael consisted of the following: 

1. At Action Level 1 (AL1), the North Sewage Lagoons would be relocated.  A decision would 
also be made as to whether a levee would be constructed to protect the residences that are 
located at higher elevations.   

2. At Action Level 2 (AL2), the South Sewage Lagoons would be relocated.  If a levee were 
constructed at AL1, at Action Level 2 (AL2), a decision would be made as to whether to raise 
the levee or relocate all structures.   

3. If a levee were constructed at AL2, at Action Level 3 (AL3), a decision would be made as to 
whether to raise the levee or relocate all structures. 

The Features Analysis Model was then used to determine which of the paths through the branches 
of the decision tree—which strategy—had the largest net benefits.  That strategy is highlighted on 
Figure 4.5-2, and consists of the following: 
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1. At Action Level 1 (AL1), relocation of the North Sewage Lagoon 

2. At Action Level 2 (AL2), relocation of the South Sewage Lagoon 

3. At Action Level 3 (AL3), 10 residences would need to be relocated and an access road would 
need to be constructed for the remaining 16 residences 

Therefore, the first  increment of protection would include the relocation of the North Sewage 
Lagoon.  The pertinent reference elevations for the flood protection strategy are given below: 

Reference Elevations for North Sewage Lagoon Relocation (AL1) 
Elevation Name Significance 

1451 Low Structure Elevation Top berm of north sewage lagoon 
1447 Lake Damage Elevation (currently 

protected by Roads as Dams) 
Lake elevation at which damage 
begins (assume 4-foot freeboard) 

1447 Project Completion Elevation Lake elevation at which relocation 
must be complete 

Current Construction Initiation Elevation Lake elevation at which relocation 
must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

Reference Elevations for South Sewage Lagoon Relocation (AL2) 
Elevation Name Significance 

1455 Low Structure Elevation Top berm of south sewage lagoon 
1451 Lake Damage Elevation Lake elevation at which damage 

begins (assume 4-foot freeboard) 
1451 Project Completion Elevation Lake elevation at which relocation 

must be complete 
1448 Construction Initiation Elevation Lake elevation at which relocation 

must begin 
Current Planning and Design Initiation Elevation Lake elevation at which planning and 

design process must begin 
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Reference Elevations for Structure Relocations (AL3) 
Elevation Name Significance 

1461 Low Structure Elevation Ground elevation at structure 
1460 Lake Damage Elevation Lake elevation at which damage to 

lowest structure begins 
NA Project Completion Elevation Lake elevation at which structure 

relocation must be complete 
NA Construction Initiation Elevation Lake elevation at which structure 

relocation must begin 
NA Planning and Design Initiation Elevation Lake elevation at which planning and 

design process must begin 

 

Reference Elevations for Levee Construction (AL1) 
Elevation Name Significance 

1461 Low Structure Elevation Ground elevation at structure 
1460 Lake Damage Elevation Lake elevation at which damage to 

lowest structure occurs 
1450 Project Completion Elevation Lake elevation at which levee 

construction must be complete 
(construct in dry) 

Current Construction Initiation Elevation Lake elevation at which levee 
construction must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

Reference Elevations for Levee Raise  (AL2) 
Elevation Name Significance 

1455 Low Structure Elevation Low point on top of levee 
1453 Lake Damage Elevation Lake elevation at which damage to levee 

begins (assumed to be ½ height of 
freeboard) 

1451 Project Completion Elevation Lake elevation at which levee raise 
construction must be complete 

1448 Construction Initiation Elevation Lake elevation at which levee raise 
construction must begin 

Current Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 
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Reference Elevations for Levee Raise  (AL3) 
Elevation Name Significance 

1460 Low Structure Elevation Low point on top of levee 
1458 Lake Damage Elevation Lake elevation at which damage to 

levee begins (assumed to be ½ height 
of freeboard) 

1456 Project Completion Elevation Lake elevation at which levee raise 
construction must be complete 

1454 Construction Initiation Elevation Lake elevation at which levee raise 
construction must begin 

1452 Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 

 

4.5.3 Design Considerations   

4.5.3.0 General Design  

Alignment 

The general plan for flood protection at St. Michael includes the construction of a levee, 
as shown on Figure 4.5-1. 

The levee would be constructed along the north side of St. Michael, north of BIA 
Highway 1.  The levee would protect 10 residences below 1464 and the access road to 
these residences, in addition to the access to 16 other homes that are above 1464. 

The table below provides a summary of the levees for St. Michael: 

 Total Levee Lengths (Feet) 
Levee AL1  AL2 AL3 

5 630 1720 2550 

 
Cross-section 

Figure 4.5-3 shows a typical cross-section of the proposed levee.  

The top widths for the levees were assumed to be 15 feet (10 feet of compacted fill and 
5 feet of riprap tie-in).  The side slopes are 3H:1V on the interior (land side) of the levee.  
The side slopes on the lake side of the levee for St. Michael are 6H:1V (as shown on 
Figure 4.5-4).  The top and interior side of the levees would be covered with 4 inches of 
topsoil and seeded.  

An impervious core was designed for all levees.  Sand drains were assumed to be 
included for all levees with a height of 9 feet or greater at the maximum levee height 
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(sand drains would need to be constructed during initial levee construction even though 
initial levee heights would be less than 9 feet).  The top of the sand drain layer would be 
4 feet wide.  The sand drain would then slope down at a 1H:1V slope and be 2 feet thick 
along the rest of its length (depending on the height of the levee).  The actual sand drain 
elevations should be reviewed during final design and during construction of each levee 
addition. 

Profile 

Figure 4.5-4 shows the profile of the proposed levee.  Three levee raises were designed 
for St. Michael, based on the action levels and protection levels. 

The general design parameters are presented in the following table: 

Top of Levee Elevations2 

Levee 

Wind 
Induced 
Wave 

Height (Ft.) 
Freeboard 1 

(Ft.) 
3AL1 

4PL (1447-1451) 
AL2  

PL (1451-1458) 
AL3 

PL (1458-1464) 
5 2.9 4 1455 1460 1467 

1 Freeboard calculated by  adding 1 foot to the wind-induced wave height (rounded up to the nearest whole foot). 
2 Top of levee elevations were determined by  adding the freeboard to the maximum protection level elevation. 
3 Action Level (AL)  
4 Protection Level (PL): Number in ( ) refers to elevation range for relocating structures.   

Materials   

It was assumed that the levees would be constructed from readily available native silty 
clay and clay loam.  These materials are relatively impermeable, and are suitable for 
levee construction.  An impervious core was also assumed for all levees. 

Erosion Protection 

The exterior side slopes of all levees will require erosion protection due to wave action.  
Riprap sizing and thickness was determined using COE methods described in EM1110-2-
1601, with wave height based on a COE Report t it led Devils Lake, North Dakota, Wind-
Induced Changes in Water Elevations, revised September 1998.  The riprap sizing was 
evaluated for various side slopes to determine the most cost-effective exterior side slope 
for each alternative.  The average size of the riprap (D50) is 12 inches based on the fetch, 
depth of water, and the side slope.  Riprap thickness was designed to be 1.5 feet 
(18 inches) for the levees protecting this feature.  A 12-inch granular filter was assumed 
for bedding under the riprap for each of the levees.  The exterior (lake side) slopes are 
protected with riprap to the top of the levee, with a 5-foot tie-in.  The interior side slopes 
would not be protected with riprap. 
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Construction Considerations 

All levees constructed to protect St. Michael will be constructed as dams.  The top 
12 inches of ground surface will be stripped prior to construction for better adhesion 
between the ground and the levee.  An inspection trench will also be constructed for all 
levees to permit observation of the top 6 feet of foundation materials. 

The alignment of the levees would require modification if the lake level rises prior to 
construction.  Constructions along alignments that are inundated are more difficult  and 
costly to construct.  It is also not feasible to examine the foundation when it  is under 
water, there is less control over the placement of material under the water, and quality 
control verification is limited.  Therefore, it  was assumed that the levees would be 
constructed in the dry.  Construction of this levee may require a cofferdam along the 
upstream toe during initial levee construction to ensure construction in the dry if 
decisions are delayed or the lake rises faster.  After construction of the cofferdam, the 
interior water behind the cofferdam can be pumped out to facilitate examination of the 
foundation, stripping of the top layer of ground and construction of the inspection trench.  
Cofferdam costs were not included in the St. Michael cost estimate. 

As an alternative, foundation work including the inspection trench and other associated 
grading could be constructed at low water elevations.  The remaining levee could be 
constructed in the wet, at  high water, when the levee is required.  This would minimize 
construction of a levee that may not be needed.  However, greater risks exist due to 
construction in the wet. 

4.5.3.1 Site Geology 

General 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area are part of the Coleharbor 
Formation. 

The levee alignment proposed for St. Michael is underlain with boulder clay till in a low-
relief stagnation moraine of the Coleharbor Formation.  The till is generally composed of 
silty clay with sand, pebbles, cobbles, and boulders.  This deposit  is yellowish brown in 
the oxidized zone in the uppermost 10 to 25 feet near the ground surface, and olive gray 
at depth.  The glacial deposits range from about 70 to 150 feet in thickness.  It  is likely 
that some sand and gravel outwash units are present at depth.  The bedrock is Cretaceous 
Pierre Shale. 
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Although not indicated by the soils map, thin layers of the silt  and clay facies lake bed 
deposits and sand beach deposits, both from past high stands of the lake (prehistoric Lake 
Minnewaukan), may be present in the low areas. 

Foundations 

The proposed levee crosses the following soil types, which have the indicated comments 
with respect to road construction, which is similar to levee construction. “Severe" means 
special design may be required.  Wetness and flooding are a given, since much of the area 
is already inundated. 

•  110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

•  12B Barnes-Svea loams, CL, CL-ML, till; Moderate: frost action, low strength 

Need for Borings/Additional Information 

Borings need to be completed in the area under the alignment of this levee.  It  is assumed 
three soil borings will be sufficient to characterize this alignment.  Based on the soil 
survey, there are no apparent conditions that require mitigation. 

4.5.3.2 Hydrology/Interior Drainage issues 

Hydrology 

An analysis of the internal drainage system was completed to assist  with the sizing of an 
interior pump station to remove the accumulation of water from the interior area behind 
the levees.  The analysis investigated the amount of water expected from precipitation, 
seepage through the levees, and groundwater seepage underneath the levees.   

The interior drainage tributary watersheds were delineated using the USGS quadrangle 
maps and 2000 FEMA LIDAR 1-foot topography.  The tributary area inside the flood 
barrier is about 97 acres and was divided into two subwatersheds.  Land use in the 
tributary area is mainly grassland and woodland, with smaller portions of urban 
developments and cropland.  The hydrologic soil group of the area is C.  A curve number 
of 70 was assumed for all subwatersheds.   

Ponding will occur in two locations along the St. Michael levee.  The total ponding area 
was calculated to be 2.7 acres.  One 24-inch RCP pipe, 950 feet in length, will be used to 
convey runoff from the higher elevation pond to the pump station location.   

Pumping Requirements 

The interior drainage system was designed to provide a minimum of 1-foot freeboard 
during the 10-day 100-year storm event.  Two pumps will be utilized, with operation 



P:\34\36\020\2002-5 4.5-9 

beginning at different water levels.  The capacities of the pumps are listed in the 
following table: 

Pumps Flow (cfs) 

Elevation 
Top of 
Levee 

Minimum 
Pond Water 

Level 
Total Design

Head (ft) Power (hp) 
1 10 1467 1451 16 27 

2 10 1467 1452 15 25 

 

4.5.3.3 Real Estate Requirements 

Right-of-way requirements for the levees are assumed to extend 15 feet beyond the toes 
of the embankments.  The 15-foot buffer will provide sufficient room for temporary 
construction activities and long-term maintenance access. 

4.5.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses surrounding the levees associated with St. Michael appear to be mixed 
residential/commercial and potential industrial within St. Michael, and rural residential 
outside of the city.  Land use does not appear to have changed significantly over time.  In 
1931, St. Michael was called Mission and consisted of less than five residences.  By 
1951, the town had its current name and consisted of about 16 structures, including some 
nonresidential properties.  Development of St. Michael has increased in small increments 
since the 1950s.  St. Michael was essentially at its current size by 1981.  Surrounding 
land use is generally made of scattered rural residences, tree-covered land, and 
agricultural fields and has not significantly changed since the 1930s. 

The regulatory record review was obtained from FirstSearch on September 24, 2002.  
Seven properties within the St. Michael’s zip code (58370) were identified in the 
regulatory databases.  Exact locations of six sites were not determined due to limited 
location information; however, none of the sites are suspected to be located within the 
areas affected by the feature protection strategies.  The St. Michael lagoons, a CERCLIS 
site, are located next to the proposed levees.  The lagoons are downgradient of the site 
and listed as stabilized and, therefore, are not suspected to be a concern.  No buildings 
observed along the feature actions levels resemble a structure typical of a hospital, and 
therefore, the St. Michael hospital CERCLIS site is not a concern.  The location of four 
UST sites and one ERNS (reportable spill site) site were not determined.  Properties with 
retail petroleum USTs pose an environmental threat due their high potential for a release.  
Based on the aerial photograph review and the descriptions provided in FirstSearch, it  is 
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not likely that a petroleum retail facility is located within the footprint of the proposed 
levees.  The ERNs site, although not located, listed in the report that no remediation was 
necessary; therefore, this site is not suspected to present an environmental risk.   

Two potential HTRW sites were identified within the levee action levels as shown on 
Figure 4.5-1.  A description of environmental concerns associated with these categories is 
in Section 4.0. 

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category HTRW Costs 
05-3-1 3 Nonresidential Properties  $500 
05-1-2 1 Rural Residences & Farmsteads $500 

A more detailed description of site history and a breakdown of costs are in Appendix C. 

Cultural 

This feature has the potential to affect two known sites and one site lead as shown on 
Figure 4.5-1.  One of the known sites, St. Michael’s Cemetery (32BE0087), is an 
architectural site and was studied as part of a larger survey of wrought iron crosses as 
grave markers in North Dakota.  Though many cemeteries containing such markers have 
been recommended as eligible for listing on the NRHP, this cemetery was recommended 
as not eligible because its two wrought iron crosses “are not representative of any 
coherent tradition of local artistry” (NDCRS Form, 32BE0087, on file at the SHSND).  
The second known site, 32BE0410 (Mission Hill), is listed in the 1997 database as a 
prehistoric archaeological mound group.  An artifact scatter is likely associated with the 
site since surface collection was conducted there.  The eligibility of this site for listing on 
the NRHP has not been determined. 

The site lead that may fall within the St. Michael area of potential effect is 32BEX0022 
(St. Michael Mission).  The historical context for this site lead was recorded as Irrigation 
and Conservation. 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 
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Feature 5  St. Michael:  Evaluation Status of Known Cultural Resources 

Resource Type 

Resources 
Listed on or 
Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  0 1 0 
Archaeological 0 0 1 
Architectural Site Leads/Isolated Finds 0 0 0 
Archaeological Site Leads/Isolated Finds 0 0 1 

Total 0 1 2 

 

The estimated cost to conduct Phase 1 Surveys for each of the 2 sites is presented in the 
following table.  The total cost for all surveys is $22,000.  As noted in Section 4.0, these 
costs are believed representative of the cultural resources investigations needed for the 
next stage of study. 

Feature 5 St. Michael:  Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0410 Phase I Archaeological $8,000 
32BEX0022 Phase I Archaeological $14,000 

 
Environmental 

Fill used in the construction of the St. Michael levees could cause environmental impacts 
due to encroachment upon wetlands and upland plant communities.  The natural 
resources within the St. Michael levees impact area include wetlands and upland areas.  
The acres of habitat impacted by land use category are shown on Figure 4.5-1.  Impacts 
to the wetland communities represent the most important environmental impact to the 
natural resources.  Complete or partial loss of wetland functions and conversion to upland 
due to filling is possible in some locations.  In areas where some hydrology is maintained 
and wetland conditions remain, changes in plant community and hydrology could lead to 
a wetland type change.  The loss of wetland area would impact waterfowl, marsh bird and 
songbird-nesting areas, as well bring about impacts to reptile and amphibian populations 
due to habitat fragmentation.  These environmental impacts are more fully detailed in the 
general impacts discussion Section 4.0. 

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent revegetation of fill or borrow locations may allow for the introduction 
of weedy, non-native species.  A loss of native tree species due to grading and filling, as 



P:\34\36\020\2002-5 4.5-12 

well as the introduction of weedy, non-native under-story species could also be expected 
in these areas.  The loss of woodland and grassland areas would impact songbird nesting 
and small mammal populations, as well impacting reptile and amphibian populations due 
to habitat fragmentation.  These environmental impacts are more fully detailed in the 
general impacts discussion Section 4.0. 

At Action Level 1 (AL1), a total of 1.42 acres of potential oak forest/oak woodland 
impacts and 0.38 acres of grassland habitat impacts are expected from the proposed 
infrastructure protection measures in this location.  The loss of woodland areas would 
impact songbird nesting and small mammal populations, as well impacting reptile and 
amphibian populations due to habitat fragmentation.  Mitigation activities would require 
the acquisition of 0.76 acres of like upland grassland habitat areas and 2.84 acres of like 
woodland habitat areas for these impacts.   

At Action Level 2 (AL2), a total of 2.31 acres of potential oak forest/oak woodland 
impacts and 0.12 acres of grassland habitat impacts are expected from the proposed 
infrastructure protection measures in this location.  The loss of woodland areas would 
impact songbird nesting and small mammal populations, as well impacting reptile and 
amphibian populations due to habitat fragmentation.  Mitigation activities would require 
the acquisition of 4.62 acres of like upland grassland habitat areas and 0.24 acres of like 
woodland habitat areas for these impacts.   

At Action Level 3 (AL3), a total of 6.92 acres of potential oak forest/oak woodland 
impacts are expected from the proposed infrastructure protection measures in this 
location.  The loss of woodland areas would impact songbird nesting and small mammal 
populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation.  Mitigation activities would require the acquisition of 13.84 acres of like 
woodland habitat areas for these impacts.   

4.5.3.5 Effects on Existing Infrastructure and Utilities 

•  Utilit ies in the vicinity of the proposed levee should be reviewed in detail during final 
design 

4.5.3.6 Interdependencies  

St. Michael is one of the few communities on the Spirit  Lake Nation Reservation.  
Therefore, it  is interdependent with the entire Spirit Lake Nation Reservation.  The 
protection of St. Michael is related to the protection of the highways that serve it.  These 
highways include: 
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•  Feature 13: US Highway 2 

•  Feature 14: ND Highway 57 (between ND Highway 20 and BIA Highway 1) 

•  Feature 15: ND Highway 57 (between BIA Highway 1 and US Highway 281) 

•  Feature 16: US Highway 281 (South of US Highway 2) 

•  Feature 21: ND Highway 20 (City of Devils Lake Levee to ND Highway 57) 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) 

•  Feature 23: BIA Highway 1  

•  Feature 24: BIA Highway 6  

These highways are critical for St. Michael in that they provide the main transportation 
routes in and out of the community.  ND Highway 57 is also a main transportation route 
to the Spirit  Lake Casino and Resort.  

Roads Acting as Dams (Feature 25) has an effect on St. Michael.  If lake levels rise and 
the water levels on each side of any nearby roads acting as dams are allowed to equalize, 
the protection of St. Michael would be necessary.  However, if appropriate levee 
protection along the roads currently acting as dams is provided, St, Michael would be 
protected by those levees.  

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.5.3.7 O&M 

The annual costs for operation and maintenance of the pumps and levees were estimated 
using data from the City of Devils Lake levees and pumping stations obtained from the 
Corps. 

The annual maintenance costs for the levees were assumed to be 1% of the initial 
construction cost.  The annual operation and maintenance cost for the interior pump 
station was assumed to be 1.5% of the pump station construction costs plus $4,000 for 
electricity. 

4.5.3.8 Lead Time Required 

Planning and implementation of flood protection measures must begin well in advance of 
the time when lake water would actually be causing damage to the feature.  The amount 
of lead time will depend on the amount of time needed to plan and implement the flood 
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protection measure.  For St. Michael, estimates of required times for the levee 
construction are as follows:  

•  Time required for planning and design – a lead time of about twelve months would 
be necessary for final design, preparation of construction documents and bidding 

•  Time required for construction – constructing the St. Michael levee could be 
completed in one construction season 

•  The total t ime between initiation of final design and substantial completion of 
construction would be in the range of 18 to 24 months 

Lead time estimates were used along with the Corps-provided probability-based 
projection of the rate of rise of Devils Lake to produce the tables of critical lake levels 
presented in Section 4.0. 

However, for the residential relocations, no estimate of lead time was needed.  Current 
policies of local agencies make residential relocations unlikely until damage to the 
structures actually occurs.  Relocations would be done on an as-needed basis, with no 
lead time provided.  Relocation of the sewage lagoons could likely be completed within 
several months. 

4.5.3.9 Potential Problems and Risks 

Potential problems and risks associated with the levees and structure relocations include: 

•  Lake level: delayed decisions or faster rising lake levels may require the construction 
of cofferdams to construct levees in the dry 

•  Utilit ies may need to be abandoned or relocated as part of the sewage lagoon 
relocations or levee construction 

•  Foundation soils may be too soft to provide adequate foundation for levees and pump 
stations 

4.5.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with constructing 
the St. Michael protection strategies: 

•  Verify location, number, and elevation of homes that would need relocating 

•  Conduct soil borings along proposed levee alignment 

•  Define lift station and piping required when relocating the sewage lagoons 
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•  Determine precise locations of above ground and buried utilit ies 

•  Confirm low home elevation 

•  Locate and evaluate nearby cultural resources that were identified 

4.5.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study’s analysis, the flood damage estimates for 
St. Michael were reassessed in order to update and more accurately characterize the nature of the 
damages.  The updated damage computations for St. Michael are summarized in the 
accompanying Table 4.5-1.  All damages were estimated up to the maximum lake level (1463).   

•  Loss of ten (10) residences at 1463. 

•  Loss of access to 16 residences at 1463. 

•  Loss of two sewage lagoons (the north sewage lagoon at 1451 and the south sewage lagoon at 
1455).  The north sewage lagoon includes 3 cells and the south sewage lagoon includes one 
cell.  

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  An updated (as of 2002) list  of assumptions regarding the damage computations, data 
sources, and other aspects of the economic analysis for St. Michael are listed in the St. Michael 
Infrastructure Protection Study Assumptions listing, attached to this Section 4.5. 

Costs:  The updated costs of providing flood protection for St. Michael are detailed in the 
accompanying Table 4.5-2 for St. Michael.  Unit prices, data sources, and relevant assumptions 
are listed.  All costs are given in 2002 dollars.  

The costs for the levee include the levee construction, geotechnical items, environmental issues, 
and an interior drainage system.  Pump costs were estimated from previous Devils Lake pumping 
stations and verified with other typical pumping station cost curves.  

The costs at the first  Action Level (AL1) include relocation of the North Sewage Lagoon at 
$159,000 (for all protection strategies along with construction of a lift station).  This cost was 
taken from the Devils Lake Spirit Lake Nation Reservation Alternatives Assessment, Barr 
Engineering Company, October 1997.  The cost of a lift  station would be approximately $250,000 
which would include associated piping.  This cost was based on a phone conversation with 
Carolyn Greene (Sioux Utilit ies) on October 23, 2002. 

The costs at the second Action Level (AL2) include relocation of the south Sewage Lagoon (for 
all protection strategies).   
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The relocation costs at the third Action Level (AL3) includes all affected structures between 1461 
and 1464 and construction of an access road for 16 residences.  

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-5.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for St. Michael are listed in the St. Michael Infrastructure 
Protection Study Assumptions listing, attached to this Section 4.5. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.5-2).  Contingencies for riprap, geotechnical items, and the interior drainage system 
were estimated at the higher end of the range because of the potential variability in the quantities 
and unit prices.  Under the incremental relocation strategy, the contingencies for relocation of the 
North Sewage Lagoon lift station and piping were estimated at the higher end of the range 
because of the limited data. 

4.5.5 Economic Results 
Two flood protection strategies were analyzed for this feature for all action levels: incremental 
levee raise and incremental relocation.  The results of the Infrastructure Protection Study for St. 
Michael are listed in Table 4.5-3a for the analysis of all action levels and in Table 4.5-3b for the 
analysis of the first  action level. 

Multiple  Action Level Stochastic Analysis Results:  The stochastic analysis indicated that 
incremental relocation was the flood protection strategy that showed the largest net benefits. This 
strategy is highlighted on the decision tree (Figure 4.5-2).  The annual net benefits for this 
approach were less than zero (-$11,700).  The BCR for this approach was less than one (0.71).  
These results show that this strategy is not economically justified.  The annual damages prevented 
by this relocation strategy are $28,100.  The stochastic results are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  All of the flood protection strategies 
were also analyzed under three specific climate futures.  For St. Michael, the resulting economic 
indices for each of the three specific climate futures are as follows: 

•  Wet Future – For the wet future, the strategy with the largest net benefits was incremental 
levee raises.  The annual net benefits were -$21,200, and the BCR was 0.71, indicating that 
this strategy was not economically justified.  The annual damages prevented by this 
relocation strategy are $52,400. 

•  First Moderate Future – For the first  moderate future, the strategy with the largest net benefits 
was incremental relocation.  The annual net benefits were -$10,500, and the BCR was 0.70, 
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indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $24,900. 

•  Second Moderate Future – For the second moderate future, the strategy with the largest net 
benefits was incremental relocation.  The net benefits were -$11,900, and the BCR was 0.71, 
indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $29,600. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for St. Michael, the Infrastructure Protection Study’s analysis 
also provided relevant economic indices for one incremental relocation.   

The annual net benefits for this approach were less than zero (-$10,500).  The BCR for this 
approach was less than one (0.70).  These results show that this strategy is not economically 
justified.  The annual damages prevented by this relocation strategy are $24,800.  The stochastic 
results are averages over 10,000 traces. 

The results for the first  action level are similar to the results computed for all action levels for this 
feature.  It  is interesting to note that the results of the first  action level analysis are exactly the 
same for the stochastic analysis and the specific scenarios.  This is a result  of the first  action level 
costs and damages both being incurred immediately under all futures (because it  is currently 
protected by roads that are acting as dams). 

First Action Level Results for Specific Scenarios:  One incremental relocation was also 
analyzed under each of three specific climate futures.  For St. Michael, the economic indices for 
each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of one incremental 
relocation were -$10,500, and the BCR was 0.70, indicating that this strategy was not 
economically justified.  The annual damages prevented by this relocation strategy are 
$24,900. 

•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
one incremental relocation were -$10,500, and the BCR was 0.70, indicating that this strategy 
was not economically justified.  The annual damages prevented by this relocation strategy are 
$24,900. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of one incremental relocation were -$10,500, and the BCR was 0.70, indicating that 
this strategy was not economically justified.  The annual damages prevented by this 
relocation strategy are $24,900. 
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DAMAGES

Action 
Level

AL1
AL2
AL3

DAMAGE BREAKDOWN

Quantity Units Unit Cost Value Quantity Units
Unit 
Cost Value Quantity Units Unit Cost Value

(THOUSANDS) (THOUSANDS) (THOUSANDS)
Residence 0 EA $62,000 $0 Residence 0 EA $62,000 $0 Residence 10 EA $62,000 $620
North Sewage Lagoon 1 EA $159,000 $159 South Sewage Lagoon 1 EA $159,000 $159 Access Road 1,100 LF $33 $36
North Sewage Lagoon Lift Station and Piping 1 EA $250,000 $250

$409 $159 $656Total

Description

Total

1451-1455

Structure Elevation (1451-1455) Structure Elevation (1455-1460)

Description

Table 4.5-1

Flood Damages 
Feature 5: St. Michael

Structure Elevation Range
Structures and 
Infrastructure

Devils Lake Infrastructure Protection Study

Structure Elevation (1460-1464)

Description

Total

(MSL) (THOUSANDS)

1455-1460
1460-1464

$409
$159
$656
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S(3) L L(1)S

Action Level
Cost to Incrementally Relocate Structures

at AL1, AL2, AL3 Cost to Raise Levee at AL1

Cost to Incrementally Raise 
Levee at AL1, Relocate All 

Remaining Structures at AL2

AL1 $582 $4,407 $2,201
AL2 $207 $0 $1,720
AL3 $931 $0 $0

COST BREAKDOWN

Description Quantity Units Unit Contingency Value Description Quantity Units Unit Contingency Value Description Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Incremental Residence 0 EA $68,000 30% $0 Residence 0 EA $68,000 30% $0 Residence 10 EA $68,000 30% $884
Relocation North Sewage Lagoon 1 EA $159,000 30% $207 South Sewage Lagoon 1 EA $159,000 30% $207 Access Road 1,100 LF $33 30% $47

North Sewage Lagoon Lift Station and Piping 1 EA $250,000 50% $375
Subtotal $582 Subtotal $207 Subtotal $931

$582 $207 $931

Incremental Raise Top of Levee to El. 1455 Raise Top of Levee to El. 1460 Raise Top of Levee to El. 1467
Levee Raise Performance/Payment Bond 1 JB $8,108 10% $9 Performance/Payment Bond 1 JB $3,355 10% $4 Performance/Payment Bond 1 JB $7,324 10% $8

North Sewage Lagoon 1 EA $159,000 30% $207 South Sewage Lagoon 1 EA $159,000 30% $207
North Sewage Lagoon Lift Station and Piping 1 EA $250,000 50% $375
Levee Construction Levee Construction Levee Construction
Clearing and Grubbing 0.9 AC $3,000 30% $4 Clearing and Grubbing 2.2 AC $3,000 30% $9 Clearing and Grubbing 4 AC $3,000 30% $16
Stripping (1') 1,400 CY $1.50 30% $3 Stripping (1') 3,500 CY $1.50 30% $7 Stripping (1') 6,400 CY $1.50 30% $12
Inspection Trench 630 LF $4.00 30% $3 Inspection Trench 1,090 LF $4.00 30% $6 Inspection Trench 830 LF $4.00 30% $4
Levee Fill 2,400 CY $5.00 30% $16 Levee Fill 12,200 CY $5.00 30% $79 Levee Fill 48,800 CY $5.00 30% $317
Bedding 900 CY $35 30% $41 Bedding 2,300 CY $35 30% $105 Bedding 4,300 CY $35 30% $196
Riprap 1,400 CY $40 40% $78 Riprap 3,500 CY $40 40% $196 Riprap 6,500 CY $40 40% $364
Sand Drain 1,100 CY $22 30% $31 Sand Drain 2,600 CY $22 30% $74 Sand Drain 4,500 CY $22 30% $129
Topsoil (4") 200 CY $2.50 30% $1 Topsoil (4") 700 CY $2.50 30% $2 Topsoil (4") 1,500 CY $2.50 30% $5
Seed 0.4 AC $1,000 30% $1 Seed 1.2 AC $1,000 30% $2 Seed 2.7 AC $1,000 30% $4
Interior Drainage/Pump Station Interior Drainage/Pump Station Interior Drainage/Pump Station
Culverts 950 LF $50 50% $71 Culverts 0 LF $50 50% $0 Culverts 0 LF $50 50% $0
Pump Station 1 EA $700,000 30% $910 Pump Station 0 EA $0 50% $0 Pump Station 0 EA $0 50% $0
Geotechnical Geotechnical Geotechnical 
Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 3 EA $1,000 50% $5 Borings 0 EA $1,000 50% $0 Borings 0 EA $1,000 50% $0
Excavation of Unsuitable Material 0 CY $8.50 50% $0 Excavation of Unsuitable Material 0 CY $8.50 50% $0 Excavation of Unsuitable Material 0 CY $8.50 50% $0
Environmental Impacts Environmental Impacts Environmental Impacts
Mitigation 1 LS $1 Mitigation 1 LS $1 Mitigation 1 LS $3
HTRW 1 LS $1 HTRW 1 LS $0 HTRW 1 LS $1
Cultural Resources Investigation 1 LS $22 Cultural Resources Investigation 1 LS $0 Cultural Resources Investigation 1 LS $0

$1,777 $691 $1,058
Engineering and Design 15% $267 Engineering and Design 15% $104 Engineering and Design 15% $159
Supervision and Administration 8% $142 Supervision and Administration 8% $55 Supervision and Administration 8% $85
Real Estate Acquisition for ROW 1 LS $15 Real Estate Acquisition for ROW 1 LS $13 Real Estate Acquisition for ROW 1 LS $41

$2,201 $863 $1,343

ANNUAL OPERATION AND MAINTENANCE COSTS

Action Level Levee Maintenance Pump O&M

AL1 $2 $15
AL2 $7 $15
AL3 $17 $15

Notes:
1. The costs for the Relocate All Structures at AL1 strategy (S) is equal to the sum of all relocations that have not been included in incremental relocations.
2. Levee maintenance costs shown are the cumulative totals for each respective level.

L(2)S AT AL1 L(2)S AT AL2
L(1)S AT AL1

Total Levee Total Levee

Subtotal Subtotal

Total Levee

Subtotal

S(1)S AT AL2

L(3) AT AL1 L(3) AT AL2 L(3) AT AL3
Total Relocation Total RelocationTotal Relocation

S(3) AT AL3S(3) AT AL1 S(3) AT AL2

S AT AL1

L(2)S

Cost to Incrementally 
Raise Levee at AL1, AL2, 
Relocate All Remaining  

Structures at AL3

$1,720

L(3)

Cost to incrementally Raise 
Levee at AL1, AL2, AL3

$2,201
$863

$1,343

(THOUSANDS)

(THOUSANDS)

$2,201
$863

$582
$1,138

$0

$1,720
$0
$0

S(1) S AT AL1

$16
$21
$32

Table 4.5-2

Flood Protection Costs
Feature 5: St. Michael

Total Operation and 
Maintenance Cost

L(1)S AT AL2
L AT AL1

Devils Lake Infrastructure Protection Study

S(1)S

Cost to Incrementally 
Relocate at AL1, Relocate All 
Remaining Structures at AL2

S

Cost to Relocate All 
Structures

at AL1
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $28,100 $28,100 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $104,300 $104,300 $0 $0 $28,100 -$76,200 0.27

L Raise Levee Top to 1467 $267,100 $31,900 $0 $299,000 $0 $0 $28,100 -$271,000 0.09

L(1)S 1 Levee Raise: Then Relocate $133,400 $4,600 $73,300 $211,200 $0 $0 $28,100 -$183,200 0.13

L(2)S 2 Levee Raises: Then Relocate $170,200 $16,100 $11,700 $198,100 $0 $0 $28,100 -$170,000 0.14

L(3) 3 Levee Raises $179,300 $19,300 $0 $198,600 $0 $0 $28,100 -$170,600 0.14

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $44,800 $44,800 $0 $0 $28,100 -$16,700 0.63

S(3) 3 Incremental Relocations $0 $0 $39,800 $39,800 $0 $0 $28,100 -$11,700 0.71

Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $52,400 $52,400 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $104,600 $104,600 $0 $0 $52,400 -$52,200 0.50

L Raise Levee Top to 1467 $268,100 $32,000 $0 $300,100 $0 $0 $52,400 -$247,700 0.17

L(1)S 1 Levee Raise: Then Relocate $133,900 $900 $98,600 $233,400 $0 $0 $52,400 -$181,000 0.22

L(2)S 2 Levee Raises: Then Relocate $183,300 $6,800 $69,000 $259,200 $0 $0 $52,400 -$206,800 0.20

L(3) 3 Levee Raises $237,200 $26,100 $0 $263,300 $0 $0 $52,400 -$210,900 0.20

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $83,900 $83,900 $0 $0 $52,400 -$31,400 0.62

S(3) 3 Incremental Relocations $0 $0 $73,700 $73,700 $0 $0 $52,400 -$21,200 0.71

Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $24,900 $24,900 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $104,600 $104,600 $0 $0 $24,900 -$79,700 0.24

L Raise Levee Top to 1467 $268,100 $32,000 $0 $300,100 $0 $0 $24,900 -$275,200 0.08

L(1)S 1 Levee Raise: Then Relocate $133,900 $8,500 $48,300 $190,800 $0 $0 $24,900 -$165,800 0.13

L(2)S 2 Levee Raises: Then Relocate $158,100 $17,000 $0 $175,200 $0 $0 $24,900 -$150,300 0.14

L(3) 3 Levee Raises $158,100 $17,000 $0 $175,200 $0 $0 $24,900 -$150,300 0.14

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $35,400 $35,400 $0 $0 $24,900 -$10,500 0.70

S(3) 3 Incremental Relocations $0 $0 $35,400 $35,400 $0 $0 $24,900 -$10,500 0.70

Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $29,600 $29,600 $0 $0 --

S Relocation of All Structures below 1468 $0 $0 $104,600 $104,600 $0 $0 $29,600 -$75,000 0.28

L Raise Levee Top to 1467 $268,100 $32,000 $0 $300,100 $0 $0 $29,600 -$270,500 0.10

L(1)S 1 Levee Raise: Then Relocate $133,900 $900 $98,600 $233,400 $0 $0 $29,600 -$203,800 0.13

L(2)S 2 Levee Raises: Then Relocate $183,300 $10,300 $51,300 $245,000 $0 $0 $29,600 -$215,400 0.12

L(3) 3 Levee Raises $223,400 $24,200 $0 $247,600 $0 $0 $29,600 -$217,900 0.12

S(1)S 1 Incremental Relocation: Then Relocate All Remaining $0 $0 $69,300 $69,300 $0 $0 $29,600 -$39,700 0.43

S(3) 3 Incremental Relocations $0 $0 $41,600 $41,600 $0 $0 $29,600 -$11,900 0.71

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Mean Value over 10,000 Traces (Annual)
Strategy COSTS DAMAGES

Table 4.5 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 5: St. Michael

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $24,800 $24,800 $0 $0 --

S(1) 1 Incremental Relocation $0 $0 $35,300 $35,300 $0 $0 $24,800 -$10,500 0.70

Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $24,900 $24,900 $0 $0 --

S(1) 1 Incremental Relocation $0 $0 $35,400 $35,400 $0 $0 $24,900 -$10,500 0.70

Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $24,900 $24,900 $0 $0 --

S(1) 1 Incremental Relocation $0 $0 $35,400 $35,400 $0 $0 $24,900 -$10,500 0.70

Total Benefits Net Benefits Benefit- Cost Ratio

Raise O&M Relocation Total Damages Total To Strategy Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D

No Protection No Protection or Relocation $0 $0 $0 $0 $24,900 $24,900 $0 $0 --

S(1) 1 Incremental Relocation $0 $0 $35,400 $35,400 $0 $0 $24,900 -$10,500 0.70

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Mean Value over 10,000 Traces (Annual)
Strategy COSTS DAMAGES

Table 4.5 - 3b

Economics Results:  First Action Level
Feature 5: St. Michael

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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Attachment to 4.5: 
St. Michael Economic Analysis Assumptions 

A. General Assumptions 
1. Estimated damages included only the homes in the immediate area of St. Michael.  According to the 

League of Cities office in Bismarck, the area is not incorporated.  The few homes outside of the 
immediate area were included in computations for Feature 8.1: Devils Lake Rural Areas. 

2. Structure elevation data was obtained from the 2000 FEMA LIDAR 1-foot topography. 

B. Levees  
1. For levee protection, it  was assumed that 4 feet of freeboard would be required for levee 5 at all 

action levels.  The assumed freeboard was based on calculated wave heights for this area plus 1 foot. 

2. A decision was assumed to be made when the lake is at the Planning and Design Initiation Elevation 
(i.e., elevation when planning must begin due to lead time required to complete planning, design and 
construction to maintain desired protection levels.) 

3. A 40% contingency was applied to all riprap costs. 

4. Interior pond areas and volumes used for sizing of interior pump station were calculated for the 
maximum levee elevation only. 

5. A 50% contingency was applied to the interior pump station. 

6. Sand drains were assumed to be included for all levees with a height of 9 feet or greater at the 
maximum levee height (sand drains would need to be constructed during initial levee construction 
even though initial levee heights would be less than 9 feet). 

7. It  was assumed that the impervious fill materials for levees would come from nearby clay borrow 
areas. 

8. Although, it  was recognized that special handling, placement and compaction methods would be 
required for construction of impervious core, it  was assumed that the unit price for impervious core 
would be similar to levee fill. Impervious core was includes in the levee fill quantity.   

9. The annual maintenance cost for the levees was assumed to be 1% of the construction costs. 

10. The annual operation and maintenance cost for the interior pump station was assumed to be 1.5% of 
the pump station construction costs plus $4,000 for electricity. 

11. It  was assumed that any levee constructed for the community would not protect the sewage lagoons.  
The top of the existing north sewage lagoons is at elevation 1451 and the top of the existing south 
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sewage lagoon is at elevation 1455.  The lagoons were assumed to be affected at AL1 and AL2 
because of potential wave damage.  It  was assumed that the lagoons require the same 4-foot freeboard 
as the levees. 

12. The inspection trench was assumed at each action level, because the levee gets significantly longer at 
each levee raise. 

13. Seed quantity assumed to be the same as the topsoil area. 

14. Stripping of topsoil between levee raises was considered incidental. 

15. Levee quantities assume total volume of new topsoil added at each levee raise (new topsoil may 
include topsoil salvaged from previous levee construction—the unit price of any salvaged topsoil was 
assumed to be the same as for new topsoil). 

16. Levee quantities assume the 5 feet of riprap along the top of the levee would be salvaged and reused 
at each levee raise.   

17. Figure 4.5-1 shows residences near the AL1 ponding area.  It  was assumed that the ponds and minor 
grading around structures would be adjusted as necessary to prevent impacts to these residences.  
Incidental costs were assumed to be included in the contingency for interior drainage/pump station. 

18. For levee raises, the lake damage elevation was assumed to be one-half the height of its freeboard. 

C. Residential and Commercial Properties  
1. For relocation strategies, structures were assumed to be relocated when the lake level approached the 

ground elevation at each structure and damages would occur.  Damages were assumed to begin when 
the lake elevation was 1 foot below the structure ground elevation to account for potential wave 
action. 

2. The average value of a house in St. Michael was estimated to be $62,000.  This figure was obtained 
from the Federal Emergency Management Agency (FEMA) and represents the average value of a 
house located on the Spirit  Lake Nation Reservation.  The value for each house was determined for 
FEMA by certified flood insurance adjusters and was based on total habitable square footage of the 
buildings and standardized real estate appraisals (FEMA, personal communication, March, 2001).  
These values did not include the value of land on which the houses were located. 

3. Relocation costs for homes were estimated to be $68,000.  This cost was obtained from the North 
Dakota-North Central Planning Council and represents the average cost to relocate a residence during 
the buyout program conducted in Churchs Ferry (2000).  The $68,000 includes the following costs: 
demolition of the existing house, purchase of an equivalent house in a nearby community, purchase of 
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a lot, and legal, appraisal, and management fees.  It  was assumed relocation costs would be the 
approximately the same in St. Michael as they were in Churchs Ferry.  

4. The cost for relocation/rebuilding of commercial and public facilit ies was assumed to be 100% of the 
value of the structure and property. 

5. For relocation strategies, the advanced replacement of the north sewage lagoon was estimated at 
$150,000 (Devils Lake Spirit Lake Nation Reservation Alternatives Assessment, Barr Engineering 
Company, October, 1997).  This cost is in 1998 dollars, therefore, for the Economic Analysis, it was 
updated for inflation by multiplying it  by the ENR Construction Cost Index of 1.06.  The updated 
relocation cost for the sewage lagoon is $159,000.  This is the same cost that is being used for the 
Infrastructure Protection Study. 

6. It  was assumed that the relocation of the north sewage lagoon to higher ground at AL1 would require 
construction of a lift  station to maintain service to the existing homes.  The cost of a lift station was 
estimated to be approximately $250,000 including associated piping.  This cost was based on a phone 
conversation with Carolyn Greene (Sioux Utilit ies) on October 23, 2002. 

7. A 50% contingency was applied to the North Sewage Lagoon Lift  Station and piping in the cost 
tables. 

8. It  was assumed that the south sewage lagoon at AL2 could be relocated to an area lower than the 
houses that it  services.  Therefore, a lift  station would not be necessary. 

9. For relocation strategies, it  was assumed that at AL3, ten houses would be relocated.  The access road 
to the remaining sixteen houses would need to be raised slightly.  The cost for this was estimated 
using the 2002 unit prices for construction of a township road. 
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4.6 Summary of Infrastructure Protection Investigation for 
Feature 6:  Gilbert C. Grafton Military Reserve 

4.6.0 Flood Protection Strategy 
The flood protection that was analyzed for Gilbert C. Grafton Military Reservation (Camp 
Grafton) was to relocate the munitions training facility. 

4.6.1 General Information  
Feature Type:  State Facility 

Location:  Gilbert C. Grafton Military Reservation is located approximately 6 miles south 
southwest of the City of Devils Lake along the west side of ND Highway 20.  The accompanying 
Figure 4.6-1 shows the feature’s location and approximate extents, and the inundation extents at 
the three reference lake levels (1447, 1454, and 1463). 

Description:  Gilbert C. Grafton Military Reservation (Camp Grafton) is the main training site 
for the North Dakota Army National Guard.  It  is a 1,600-acre camp, accommodating up to 3,000 
soldiers with housing, dining hall facilit ies, field, and classroom training facilit ies.  This main 
camp facility is also associated with the 10,000 acre Camp Grafton South training area, located 
35 miles to the south.  

Significance:  Camp Grafton is important because it  is the major training facility for the North 
Dakota Army National Guard, and its operation has a major economic impact on the community. 

Damages:  The flooding of Camp Grafton would result  in the following damages: 

•  loss of access to this important training facility 

•  loss of training facilit ies  

•  loss of commerce associated with Camp operation, visitors 

O wner/Sponsor:  The State of North Dakota, or North Dakota Army National Guard is 
responsible for managing and maintaining Camp Grafton. 

Lead Federal Agency:  The State of North Dakota would take the lead for Camp Grafton for any 
flood protection work that may take place.  

4.6.2 Feature Protection 
History of Flood Protection:  The northeastern portion of Camp Grafton lands are located in the 
area that is currently being protected by roads that are acting as dams (ND Highway 20 – See 
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Feature 25 description).  Therefore, the flood level at the munitions facility is much lower than 
the level of Devils Lake.  In the past, flood protection for Camp Grafton has consisted of: 

•  Access road raises, with the top currently at 1455 

•  Pumping seepage water from the munitions training area located in the northeast corner of the 
facility, adjacent to Highway 20 

•  Converting the sewer system to Ramsey County Rural Utility Service 

•  Initial construction of the Avenue A levee to a top of 1460 

The camp does have plans to relocate the munitions storage area, instead of the previous plan to 
protect this area with a levee. 

General Protection Strategy:  The Economic Analysis identified and evaluated several different 
approaches for protecting Camp Grafton.  This strategy has changed since the Economic Analysis 
was completed.  The current strategy includes: 

•  ND Highway 20 is assumed to be raised to provide access to the camp 

•  Camp Grafton will not close, even if water surfaces reach maximum level, because a 
significant portion of the facility property is above Elevation 1475 

•  The main access road is likely to be raised by staff at the facility at the same time (or 
immediately after) ND Highway 20 is raised 

•  The main gate is the only gate that will be maintained and raised 

•  The existing levee along Avenue A will be raised by staff at the facility to provide protection 
to ultimate lake level 

•  The only buildings to be moved will be those associated with the munitions storage area 

Protection Strategy by Action Level:  Figure 4.6-2 shows the decision tree for Camp Grafton.  
As shown on Figure 4.6-2, the stepwise approach to flood protection for Camp Grafton consists 
of the following: 

1. At Action Level 1 (AL1), the munitions facility would be relocated. 

The Infrastructure Protection Study analysis considered the flood protection strategy for 
relocation of the munitions facility.  It was assumed that all higher action level flood protection 
work would be completed by staff at the facility, as has been done in the past.  Therefore, the 
economics results include only one action level. 
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Reference Elevations for Structure Relocation (AL1) 
Elevation Name Significance 

1444 Low Structure Elevation Ground at lowest building in the group 
Current Lake Damage Elevation Lake elevation at which damage to 

lowest building begins 
NA Project Completion Elevation Lake elevation at which building 

relocation must be complete 
NA Construction Initiation Elevation Lake elevation at which building 

relocation must begin 
NA Planning and Design Initiation Elevation Lake elevation at which planning and 

design process must begin 

 

4.6.3 Design Considerations   

4.6.3.0 General Design  

The first incremental action for flood protection at Camp Grafton includes relocation of 
the munitions storage area buildings.  These buildings will be moved to higher ground to 
the west. 

4.6.3.1 Site Geology 

No geologic concerns would be associated with the incremental strategy for this feature. 

4.6.3.2 Hydrology/Interior Drainage Issues 

No interior drainage concerns would be associated with the incremental strategy for this 
feature. 

4.6.3.3 Real Estate Requirements 

No real estate concerns would be associated with the incremental strategy for this feature. 

4.6.3.4 Env ironmental/Cultural issues 

HTRW 

Gilbert C. Grafton Military Reserve has been listed in the same location since the 1930s.  
Quantity of military buildings and nearby residences has increased over the years; 
however, land use does not appear to have changed significantly over time.  Surrounding 
land use is mostly forested and agricultural land with scattered rural residences in the 
central areas and more extensive residential developments along the shores of Devils 
Lake, including the nearby Lakewood area.   
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At the Gilbert C. Grafton Military Reserve the only structure that needs to be relocated is 
the Ammunition Supply Point.  This structure and the surrounding area contain two non-
standard above ground magazines of permanent masonry type construction; three 
standard earth covered magazines, and an inspection building of permanent masonry type 
construction.  Considering the land use and the building construction, these buildings are 
not considered to be RECs.  

The regulatory record review for zip code 58301 was obtained from FirstSearch on 
October 15, 2002.  Two buildings area listed as being RCRA generators and the North 
Dakota Army National Guard facility is listed as having USTs and as a closed LUST site.  
None of these facilit ies are located within Feature 6. 

Cultural 

The Gilbert C. Grafton Military Reservation contains 48 known cultural resources sites 
and 5 site leads/isolated finds.  However, this feature only requires relocating a cluster of 
above and below ground munitions magazine storage facilit ies and an associated 
munitions inspection building in a small area of the overall facility.  These relocations 
have the potential to affect only one known prehistoric archaeological site as shown on 
Figure 4.6-1.  Site 32RY0147 contains buried artifact scatters that were identified through 
shovel tests and auger probes.  The site was recommended as potentially eligible for 
listing on the NHRP.  A Phase 1 survey will need to be performed for this site prior to 
implementation of this feature in order to determine eligibility to the National Register of 
Historic Places.  The cost of this survey is estimated to be $14,000.  As noted in Section 
4.0, these costs are believed representative of the cultural resources investigations 
required for the next stage of study. 

Environmental 

The natural resources within the areas impacted by protection measures Gilbert C. 
Grafton Military Reservation will be minimal and confined to those areas directly 
impacted by the relocating of structures.  Fill used for the relocations could cause 
environmental impacts due to the subsequent re-vegetation of fill or borrow locations.  
Revegetation and soil compaction may allow for the introduction of weedy, non-native 
species.  Any impact to woodland, wetland and grassland areas would result  in minimal 
impacts to songbird nesting and small mammal populations, as well as impacting reptile 
and amphibian populations due to habitat fragmentation. 

4.6.3.5 Effects on Existing Infrastructure & Utilities 

There are no anticipated effects on existing infrastructure and utilit ies. 



 

P:\34\36\020\2002-6 4.6-5 

4.6.3.6 Interdependencies  

Camp Grafton is not directly interdependent with other features, although the Camp is 
dependent on these other features (roads for access, communities for normal daily 
activities, hospitals, etc).  The primary roadways that are critical for Camp Grafton 
include: 

•  Feature 13: US Highway 2 – US Highway 2 provides a major transportation route 
into and out of the Camp. 

•  Feature 16: US Highway 281 (South of US Highway 2) – US Highway 281 provides 
a major transportation route into and out of the Camp. 

•  Feature 21: ND Highway 20 – The protection of Camp Grafton is related to the 
protection of ND Highway 20.  Without a road raise on ND Highway 20, there is no 
access to Camp Grafton.  

•  Feature 22: ND Highway 20 – The south Camp Grafton site is accessed via ND 
Highway 20.  

•  Feature 25: Roads Acting as Dams – If lake levels rise and the water levels on each 
side of ND Highway 20 that is acting as a dam are allowed to equalize, the flood 
protection measures may be necessary to allow its continued use.  

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.6.3.7 O&M 

No O&M is necessary for the incremental strategy for this feature. 

4.6.3.8 Lead Time Required 

A lead time estimate was not completed for the incremental strategy for this feature. 

4.6.3.9 Potential Problems and Risks 

There are no known potential problems and risks associated with the incremental strategy 
for this feature. 

4.6.3.10 Data deficiencies 

There are no known data deficiencies with the incremental strategy for this feature. 
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4.6.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study, the flood damage estimates for Camp Grafton 
were reassessed in order to update and more accurately characterize the nature of the damages.  
The updated damage computations for Camp Grafton are summarized in the accompanying Table 
4.6-1.  

Table 4.6-1 lists damages to buildings that would be inundated by rising waters.  These damages 
are based on capitalized values of the buildings impacted, as provided by camp operations staff.  
Inundated land values are also listed, using a standard assessed value per acre.   

Unit prices for all the damage computations were discussed previously in Section 3.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for Camp Grafton are listed in the Feature 6 Assumptions 
listing, appended to this Section 4.6. 

Costs:  Updated costs of providing flood protection for Camp Grafton are detailed in the 
accompanying Table 4.6-2.  Unit prices, data sources, and relevant assumptions are listed.   

Table 4.6-2 lists the expected costs for relocating the munitions storage facility. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-1.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for Camp Grafton are listed in the Feature 6 Assumptions 
listing, appended to this Section 4.6. 

Contingencies:  A contingency percentages of 5% was used for the relocation of the munitions 
facility.  This contingency is lower than the typical range used in this study because the costs 
were based on more detailed analyses completed by Camp Grafton. 

4.6.5 Economic Results 
The results of the Infrastructure Protection Study for Camp Grafton are listed in Table 4.6-3.  
Since there is only one action level for this feature, this table represents the results for both the 
first action level and for all action levels. 

Stochastic Analysis Results:  Using the stochastic analysis along with the updated damage and 
cost estimates for the Camp Grafton, the Infrastructure Protection Study’s analysis provided 
relevant economic indices for relocation of the munitions facility.  The relocation of the 
munitions facility strategy is highlighted on the decision tree (Figure 4.6-2).  The annual net 
benefits for this approach were less than zero (-$33,000).  The BCR for this approach was less 
than one (0.64).  These results show that this strategy is not economically justified.  The annual 
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damages prevented by this relocation strategy are $58,800.  The stochastic results are averages 
over 10,000 traces.  

As noted below, the results of the analysis are the same for the stochastic analysis and the specific 
scenarios.  This is a result of the first  action level costs and damages both being incurred 
immediately under all futures (because it  is currently protected by roads that are acting as dams). 

Results for Specific Scenarios:  Relocation of the munitions facility was also analyzed under 
each of three specific climate futures.  For Camp Grafton, the economic indices for each of the 
three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of relocation of 
the munitions facility were -$33,100, and the BCR was 0.64, indicating that this strategy was 
not economically justified.  The annual damages prevented by this relocation strategy are 
$59,000. 

•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
relocation of the munitions facility were -$33,100, and the BCR was 0.64, indicating that this 
strategy was not economically justified.  The annual damages prevented by this relocation 
strategy are $59,000. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of relocation of the munitions facility were -$33,100, and the BCR was 0.64, 
indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $59,000. 

 





Relocate
Munitions Facility

R(1)

R(1)R

Flood Protection Strategy

Decision required at this point

Trigger point for action, no decision needed

Decision/Action Level

Incremental road raise(number of times)

Lowest Access Road Elevation: 1455

AL1

AL1

Figure 4.6-2

DECISION TREE
FEATURE 6:GILBERT C. GRAFTON

MILITARY RESERVATION
Devils Lake Infrastructure Protection Study



DAMAGES

Action 
Level

AL1

DAMAGE BREAKDOWN

Quantity Units Unit Cost Value
(THOUSANDS)

Munitions Area Buildings 1 EA $970,000 $970
Includes Ammo Storage
Office and 4 Ammo Storage
Bunkers

$970

Notes:
1. The munitions facility is currently being protected by feature 25: RAAD.

Table 4.6-1

Structure Elevation Range
Structures and 
Infrastructure

Feature 6: Gilbert C. Grafton Military Reservation 
Flood Damages 

Devils Lake Infrastructure Protection Study

Structure Elevation - Immediate
Description

Total

(MSL) (THOUSANDS)
$970Below 1447
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S (1)

Relocate All Structures at AL1
(THOUSANDS)

$1,514

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Incremental Above Ground Magazine 2 EA $225,000 5% $473
Relocations Earth Covered Magazine 3 EA $117,000 5% $369

Inspection Building 1 EA $180,000 5% $189
Clearing and Grubbing 1 LS $60,000 5% $63
Sitework 1 LS $150,000 5% $158
Bituminous Pavement 1,440 TON $50 5% $76
Utilities 1 LS $74,000 5% $78
Security Lighting 1 LS $15,000 5% $16
Fencing 2870 LF $12 5% $36
Environmental Impacts
Mitigation 1 LS $0
HTRW 1 LS $0
Cultural Resources Investigation 1 LS $14

$1,470
Engineering and Design 2% $22
Supervision and Administration 2% $22
Real Estate Acquisition for ROW 1 LS $0

$1,514

S (1)

Total Road Raise

Subtotal

Table 4.6-2

Flood Protection Costs
Feature 6: Gilbert C. Grafton Military Reservation

Description

AL1

Devils Lake Infrastructure Protection Study

Action Level
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Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Levee & Riprap Total  Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E=D F = E(No Protection) - E(S) * G = F - C I = F / C
No Protection No Protection or Relocation $0 $0 $0 $58,800 $58,800 $0 $0 --

R(1) 1 Road Raise $91,800 $0 $91,800 $0 $0 $58,800 -$33,000 0.64

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Levee & Riprap Total  Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E=D F = E(No Protection) - E(S) * G = F - C I = F / C
No Protection No Protection or Relocation $0 $0 $0 $59,000 $59,000 $0 $0 --

R(1) 1 Road Raise $92,100 $0 $92,100 $0 $0 $59,000 -$33,100 0.64

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Levee & Riprap Total  Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E=D F = E(No Protection) - E(S) * G = F - C I = F / C
No Protection No Protection or Relocation $0 $0 $0 $59,000 $59,000 $0 $0 --

R(1) 1 Road Raise $92,100 $0 $92,100 $0 $0 $59,000 -$33,100 0.64

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Levee & Riprap Total  Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E=D F = E(No Protection) - E(S) * G = F - C I = F / C
No Protection No Protection or Relocation $0 $0 $0 $59,000 $59,000 $0 $0 --

R(1) 1 Road Raise $92,100 $0 $92,100 $0 $0 $59,000 -$33,100 0.64

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (E(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COST DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.6 - 3

Economics Results
Feature 6: Gilbert C. Grafton Military Reservation

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study

L:\34\36\020\Multi-AL_Analysis\DLIP_Econ_Summary_2002MultiALs.xls
1/9/2003
3:24 PM
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Attachment to 4.6: 
Gilbert C. Grafton State Military Reservation Economic Analysis 
Assumptions 

A. General Assumptions  
1. It  was assumed that Highway 20 access would be kept open to provide access to the Camp roads.  

These costs are not included in this feature and are analyzed separately in Feature 21: Highway 20 
from the City of Devils Lake Levee to Highway 57. 

2. Camp Grafton is valued at approximately $35 million, not including land.  These capitalized costs 
were provided by Captain Clark Johnson, Civil Engineer, Camp Grafton. 

3. It  was assumed that during high water conditions, the main gate (Gate #6 with access from 
Highway 20) would be the only access route that would be maintained and raised (based on 
conversations with Captain Clark Johnson). 

4. It  was assumed that the Camp would not close, even if the lake reaches its maximum level.  A 
significant portion of the land area and all of the structures are above elevation 1463.  Camp Grafton 
South (30 miles south) would be unaffected and could be used for maneuvers and activities that 
require a larger area. 

5. It  was assumed that the sewer system would be fully converted to the Ramsey County Rural Sewer 
system before lagoons were inundated (State Flood Coordination Center, Staff meeting, 
November 18, 1997). 

6. There are currently no open culverts located under Highway 20 near Camp Grafton, and the area west 
of Highway 20 has been kept dry in recent years with pumping.  It  was assumed that culverts would 
be installed under Highway 20 to relieve pressure, resulting in flooding of the low areas west of 
Highway 20.  It  was assumed this would occur in the near future and, thereafter, all lands west of 
Highway 20 would be inundated by lake levels higher than the elevations of those lands. 

B. Levees and Roads  
1. A flood protection levee has been constructed along Avenue A, with top elevation of 1460.  It was 

assumed that this levee would be raised to provide protection above this elevation if necessary 
(conversation with Captain Clark Johnson, Civil Engineer, Camp Grafton, and copies of levee plans 
provided by Camp staff). 
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C. Structures  
1. It  was assumed that the munitions storage area buildings would be relocated (based on conversations 

and correspondence with Captain Clark Johnson, Civil Engineer, Camp Grafton).  Estimated cost for 
these relocations is $1.499 million (estimate provided by LTC Tabor). 

2. The assumed damages for the munitions storage area buildings were developed from the replacement 
estimate provided by camp staff (LTC Tabor, provided via fax; estimate dated 20 Feb 2002).  The 
replacement facility includes expansion from the existing munitions storage facility size.  The 
estimated value of existing buildings was therefore developed by adjusting the estimated replacement 
cost for buildings and site work ($1,386k), and reducing this by 30 percent to reflect the amount of 
expansion space planned for the replacement facility.   

3. Other buildings on the Camp facility were assumed to remain in place, because most buildings are 
above elevation 1464 (based on conversations with Lieutenant Colonel Gary Doll, Camp Grafton). 

4. Building values were based on the capitalized cost, which was computed as the original cost plus 
improvements.  This is probably a low estimate, as some buildings were constructed in the 1940s and 
the replacement value would be much higher (based on conversations with Captain Clark Johnson, 
Civil Engineer, Camp Grafton). 

5. The land value for Camp Grafton is estimated to be $400/acre.  This value was provided by the Corps 
of Engineers (personal communication, April, 2001) and is an estimate of the average value of all 
land surrounding Devils Lake.  
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4.7 Summary of Infrastructure Protection Investigation for 
Feature 7:  Grahams Island State Park 

4.7.0 Flood Protection Strategy 
The incremental flood protection that was analyzed for Grahams Island State Park (Grahams 
Island) was incremental raises of the access road.  

4.7.1 General Information  
Feature Type:  State Facility 

Location:  Grahams Island State Park is located 10 miles west of the City of Devils Lake, 5 miles 
south of ND Highway 19 along the border between Benson and Ramsey counties.  The 
accompanying Figure 4.7-1 shows the feature’s location and approximate extents, and the 
inundation extents at the three reference lake levels (1447, 1454, and 1463). 

Description:  Grahams Island State Park is the largest and most developed state park facility on 
Devils Lake, with campground, beach, harbor, ranger and manager facilit ies, activity center, and 
trails.  The campground covers 1,100 acres, and has space for 100 campers, as well as 4 sleeping 
cabins.  The park has potable water and sewer lines, with an on-site treatment facility.   

In addition to the State Park facility, there are several farmsteads located on Grahams Island that 
would be stranded if access to the island were lost.  The Infrastructure Protection Study 
evaluation included these farmsteads in the damage assessment of the Grahams Island feature.   

Significance: Grahams Island is important because it is considered a major tourist  attraction in 
the area.  It  is the largest and most used state park facility around Devils Lake.  Park staff 
estimate that a total of 72,800 visitors used the park in 1995.  Access to the park is affected by 
rising water levels; the Park was closed in 1997 when the access road was under water.  During 
1997, approximately $2.2 million was invested in raising the access road to the park.  In 1999, the 
Park had 73,770 visitors. 

Damages: The flooding of Grahams Island would result  in the following damages:  

•  Loss to utility infrastructure  

•  Loss of residential buildings  

•  Loss of recreational buildings and facilit ies 

•  Loss of facility access 

•  Loss of user fees 
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•  Loss of usable land 

•  Loss of farmstead and farm operations buildings 

O wner/Sponsor:  The North Dakota Parks and Recreation Department, is responsible for 
operating and maintaining the Grahams Island State Park.   

Lead Federal Agency:  The State of North Dakota would take the lead for Feature 7 for any 
flood protection work that may take place. 

4.7.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for Grahams Island has consisted of 
raising the access road from ND Highway 19 to the park and relocating buildings and other 
facilit ies to higher ground. 

General Protection Strategy:  The Infrastructure Protection Study analysis re-evaluated the 
Economic Analysis Alternatives approach, and also considered an additional option not 
considered in the previous effort.  Strategies considered in this 2002 evaluation included: 

•  Relocation of buildings 

•  Relocation / replacement of comfort station and lift station 

•  Relocation / replacement of a picnic area 

•  Road raise on access road from ND Highway 19 

The other option considered included developing an alternate access road to the south of Grahams 
Island across Ziebach Pass.  However, the costs of this option were far greater than raising the 
existing access from Highway 19, and were therefore not considered further.   

Protection Strategy by Action Level:  Figure 4.7-2 shows the decision tree for Grahams Island.  
As shown on Figure 4.7-2, the stepwise approach to flood protection for Grahams Island consists 
of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the access road would be 
raised to 1456.3 or whether the road would be temporarily abandoned. 

2. If the access road was raised at AL1, a decision would be made at Action Level 2 (AL2) 
whether to raise the access road to 1461.3 and relocate structures between 1451 and 1456.3, 
or to temporarily close the access road and relocate all structures above 1451. 
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3. If the access road was raised at AL2, a decision would be made at Action Level 3 (AL3) 
whether to raise the access road to 1465 and relocate structures above 1456.3, or to 
temporarily close the access road and relocate all structures above 1456.3. 

The pertinent reference elevations for implementing each increment of flood protection strategy 
are given below:  

Reference Elevations for Feature 7 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
1451.3 1456.3 1461.3 Low Structure Elevation Low point on top of road surface 
Current 1451.3 1456.3 Lake Damage Elevation Lake elevation at which road 

becomes unusable due to wave 
action1 
(a 5-foot wave runup was calculated for 
this feature) 

Current N/A N/A Project Completion 
Elevation 

Lake elevation at which levee 
construction must be complete 

Current 1453.3 1458.3 Construction Initiation 
Elevation 

Lake elevation at which road raise 
construction must begin. 
(The current trigger for release of 
emergency highway funds for road raises 
is when the lake level reaches within 
3 feet of the minimum road surface.) 

Current 1450 1456 Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 

 
The low structure foundation on Grahams Island is 1451.  If the access road is not raised the 
entire island would be severed and lose access, and all structures and land would be considered 
damaged.   

Reference Elevations for Feature 7 Structure Relocations 
Elevation 

AL1 AL2 AL3 Name Significance 
Current 1451.3 1456.3 Low Structure Elevation Ground at lowest structure in the 

group 
Current 1451.3 1456.3 Lake Damage Elevation Lake elevation at which damage to 

lowest structure begins or loss of 
access 

                                                 
1 Although damages to this feature were computed to begin 5 feet below the top of road, it was assumed that 
temporary emergency measures would be implemented to protect the road until the lake reaches the 3-foot trigger 
that is currently used by the ND DOT.  The damage elevations listed in this table refl ect the 5-foot damage 
elevation. 
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Reference Elevations for Feature 7 Structure Relocations 
Elevation 

AL1 AL2 AL3 Name Significance 
NA 1451.3 1456.3 Project Completion 

Elevation 
Lake elevation at which structure 
relocation must be complete 

NA NA NA Construction Initiation 
Elevation 

Lake elevation at which structure 
relocation must begin 

NA NA NA Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 

 

4.7.3 Design Considerations   
Sections 4.7.3.0 through 4.7.3.10 describe the analysis of the design of flood protection measures, 
as well as other considerations (geotechnical, environmental, etc.) necessary to make the cost 
estimates for the first  action level.  Section 4.7.3.11 describes the abbreviated cost estimating 
method for subsequent action levels. 

4.7.3.0 General Design 

The maximum wind-induced wave height along this feature based on fetch, depth of 
water, and the side slope was calculated to be approximately 5 feet above lake elevation.  
This wave height is used to compute the lake elevation at which damage will occur to the 
roadway due to wave action.  However, for this feature, the damage elevation was set to 
3 feet above the lake elevation to correspond with current ND DOT policy regarding road 
raises.  Temporary emergency measures (such as placing a riprap berm on the lake side) 
can be taken to minimize disruption to the road during this period. 

Alignment 

Figure 4.7-1 shows the alignment of the existing Grahams Island access road.  The 
current low road subgrade elevation of 1450.5 (top at 1451.3) does not provide adequate 
protection for design wave run-up.  This first  action would raise the access road 5 feet to 
a subgrade elevation of 1455.5 (top at 1456.3), providing protection to lake level of 
1453.3.  The raised roadway will follow the same alignment.  The length of the raised 
section is approximately 1,650 feet.  Figure 4.7-4 shows the existing road profile and the 
raised road profile. 

Cross-Section 

Figure 4.7-3 shows a typical cross-section of the proposed road raise.  The raise will be 
accomplished by filling on the west side of the existing roadway to minimize fill 
placement in water.  This section is based on the typical section constructed during the 
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1997 road raise, when the access road was raised to provide a minimum road subgrade at 
1450.5.  The road top width was assumed to be 30 feet with a 28-foot asphalt surface and 
paved shoulders.  The side slopes are 4H:1V on both sides of the road.  The minimum 
raised road subgrade elevation is assumed to be 1455.5, a 5-foot raise from the current 
minimum elevation.  It  was assumed that unsuitable fill foundation material, averaging 
1 foot in depth, would be stripped along the west side roadway toe prior to placement of 
road fill. 

Materials 

It was assumed that the roadway fill would be constructed from readily available native 
silty clay and clay loam.  These materials are suitable for road embankment construction.  
The top 6 inches of the roadway section will be constructed of commercially available 
aggregate surface course material. 

Erosion Protection 

On the east slope, riprap was assumed to be placed over geotextile (no additional bedding 
material) from the existing top edge of riprap all the way to the roadway crest.  On the 
west slope, riprap was assumed to be placed from 1 foot below the water surface up to the 
raised road crest, equaling a total slope length of 31 feet.  No topsoil or seeding was 
assumed for the raised roadbed.  Riprap sizing and thickness was determined using COE 
methods described in EM1110-2-1601, with wave height based on a COE Report t it led 
Devils Lake, North Dakota, Wind-Induced Changes in Water Elevations, revised 
September 1998.  The riprap design, based on the fetch, depth of water, and the side 
slope, is summarized in the table below.   

Location 

Wind-
Induced 

Height (ft.) 

Additional 
Freeboard 

(ft.) 
Riprap size 

(D50) 

Riprap 
Thickness 

(ft.) 
West Side 5.2 0.0 12” 2.0 
East Side 5.1 0.0 Use same as west side 

 

4.7.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area are part of the Coleharbor 
Formation. 
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This highway alignment is underlain by (1) boulder clay till in a low-relief stagnation 
moraine and (2) silt  and clay facies representing lake bed deposits.  All of these deposits 
are in the Coleharbor Formation.  The till is generally composed of silty clay with sand, 
pebbles, cobbles, and boulders.  This deposit  is yellowish brown in the oxidized zone in 
the uppermost 10 to 25 feet near the ground surface, and olive gray at depth.  The glacial 
deposits range from about 60 to 120 feet in thickness.  It  is likely that some sand and 
gravel outwash units are present at depth.  The bedrock is Cretaceous Pierre Shale. 

The impacted section of highway crosses the following: 

•  Lake bed deposits from prehistoric Lake Minnewaukan.  These typically soft, silty 
clays (CL, CL-ML, CH, OL, ML) underlie over 50 percent of the alignment.  These 
are likely thickest in the deepest portion of the basin (Station 12500 to 16500).  In 
places, these may include saline soil, highly organic soil, fat clays, and/or marls (very 
soft calcium carbonate mud). 

•  Glacial t ill (CL, CL-ML) as described above. 

•  Sand beach deposits consisting of fine to coarse sand (SP, SP-SM) which may be 
over 5 feet thick (example between station 16600 and 18500).  These may be related 
to outcrops of outwash in the area. 

Geotechnical concerns are primarily related to the soft lake bed soils, which may also 
experience moderate to severe frost action.  

It is assumed 12 soil borings will be sufficient to characterize this alignment.  The 
impacted alignment crosses approximately 18,000 feet of lake bed deposits, which may 
be inadequate subgrade. 

4.7.3.2 Hydrology/Interior Drainage Issues 

It is assumed that culverts will be placed through the raised roadway embankment to 
allow for water level equalization on both sides of the roadway.  It  is assumed that 
existing culverts through the roadway will be filled and abandoned in place.  

4.7.3.3 Real Estate Requirements 

Right-of-way requirements for the road raise are assumed to extend 15 feet beyond the 
west side toe of the raised embankment.  The 15-foot buffer will provide sufficient room 
for temporary construction activities and long-term maintenance access. 
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4.7.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses surrounding the levees associated with Grahams Island State Park 
appear to be mostly forested and agricultural land with scattered rural residences.  Land 
use does not appear to have changed significantly over time. 

Regulatory record review for zip code 58301 and 58357 were obtained from FirstSearch 
on October 15, 2002.  No facilit ies were listed as being located in or adjacent to Grahams 
Island State Park.  

Three potential HTRW sites identified within the levee action levels are listed below and 
shown on Figure 4.7-1:   

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category HTRW Costs 
07-1-1 1 Nonresidential Properties  $500 
07-1-2 1 Cylindrical Structures  $9,000 
07-1-3 1 Rural Residences & Farmsteads  $500 

 
A more detailed description of site history and a breakdown of costs are in Appendix C.  
A description of environmental concerns associated with these categories is in Section 
4.0. 

Five relocations are expected for the feature.  These include two barns, a garage, a 
sanitary lift  station, and a comfort station.   

Relocation HTRW Costs 

Number 
Type of Items 

Relocated HTRW Category HTRW Costs 
2 Barns Rural Residences & Farmsteads 
1 Garage Rural Residences & Farmsteads 

Covered under a 
separate relocation cost 
estimate. 

1 Sanitary List Station Nonresidential Properties 
1 Comfort Station Nonresidential Properties 

$10,000 

 
Cultural 

This project has the potential to impact three known sites and one site lead as shown on 
Figure 4.7-1.  Recommendations of eligibility for listing on the NRHP have not been 
made for any of the known sites, which include 32BE0025, a prehistoric archaeological 
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site, presumably an artifact scatter, given that surface collection and subsurface testing 
were performed there; 32BE0053, a historical archaeological site, the historical context 
of which is listed as “Farming” in the 1997 database; and Hulst Cabin Site (32BE0420), a 
site that is listed as architectural in the 1997 database, but at which surface collection was 
conducted. 

The site lead that may fall within the Grahams Island State Park APE is 32BEX0038a 
(LaRose Post Office).  It  is listed in the 1997 database as historical archaeological. 

A summary of the evaluation status of known cultural resources is presented in following 
table. 

Feature 7  Grahams Island State Park:  Evaluation Status of Known Cultural Resources 

Resource Type 

Resources 
Listed on or 
Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  0 0 0 
Archaeological 0 0 3 
Architectural Site Leads/Isolated 
Finds 

0 0 0 

Archaeological Site Leads/Isolated 
Finds 

0 0 1 

Total 0 0 4 

 
The estimated cost to conduct Phase 1 Surveys for each of the 4 sites is presented in the 
following table. 

Grahams Island State Park:  Known Cultural Resources—Estimated Costs 
Site Number Investigation Type Estimated Cost 
32BE0420 Phase I Architectural $6,200 
32BE0025 Phase I Archaeological $8,000 
32BE0053 Phase I Archaeological $8,000 
32BEX0038a Phase I Archaeological $14,000 

 
In addition to the access road raise to the park, this feature also requires relocation of a 
sanitary lift  station and comfort station, and relocation of a garage and two barns.  One 
barn located on the southern end of the island is a large well-maintained, classic style 
curved roof structure over 50 years old.  Barns of this style and condition are rapidly 
disappearing from the rural landscape due to the decline of the family farm tradition.  It  is 
likely eligible for the National Register of Historic Places and will require a Phase 1 
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survey and Phase II site evaluation prior to relocation.  The cost of this survey is 
estimated to be $6,200.  The total cost for all surveys for this feature is $42,400.  As 
noted in Section 4.0, these costs are believed representative of the cultural resources 
investigations needed for the next stage of study. 

Environmental 

The natural resources within the road corridor of Grahams Island State Park include 
wetlands, oak forest/woodlands, and grasslands.  Fill used for the construction of the road 
raise and relocation could cause environmental impacts due to encroachment upon 
wetlands and upland plant communities.  The acres of habitat impacted by land use 
category are shown on Figure 4.7-1.  A total of 1.58 acres of wetland impacts are 
expected from the proposed infrastructure protection measures.  Complete or partial loss 
of wetland functions and conversion to upland due to filling is possible in some locations.  
In areas where some hydrology is maintained and wetland conditions remain, changes in 
plant community and hydrology could lead to a wetland type change.  The loss of 
wetland area would impact waterfowl, marsh bird and songbird-nesting areas, as well 
bring about impacts to reptile and amphibian populations due to habitat fragmentation.  
This loss of wetland would require 3.16 acres of mitigation wetlands as set forth in the 
project mitigation policy developed through consultation with the Corps and FWS.  
These environmental impacts are more fully detailed in the general impacts discussion 
Section 4.0.   

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent re-vegetation of fill or borrow locations may allow for the 
introduction of weedy, non-native species.  These environmental impacts are more fully 
detailed in the general impacts discussion section 4.0.  A loss of native tree species due to 
grading and filling, as well as the introduction of weedy, non-native under-story species 
could also be expected in these areas.  A total of 5.98 acres oak forest/oak woodland and 
34.81 acres grassland impacts would be expected from the proposed infrastructure 
protection measures in this location.  The loss of woodland areas would impact songbird 
nesting and small mammal populations, as well impacting reptile and amphibian 
populations due to habitat fragmentation.  Mitigation activities would require the 
acquisition of 69.62 acres of like upland grassland habitat areas and 11.96 acres of like 
woodland habitat areas for these impacts.   

4.7.3.5 Effects on Existing Infrastructure & Utilities 

Replacement of local driveway access to adjacent properties was not considered as a 
separate cost item, but is considered incidental to the other construction items.  With the 
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exception of drainage culverts discussed above, no other infrastructure or utilit ies are 
expected to be impacted. 

4.7.3.6 Interdependencies  

Access to Grahams Island is not directly interdependent with other features, although the 
Island is dependent on these other features (roads for access, communities for normal 
daily activities, hospitals, etc).  The primary roadways that are critical for Grahams Island 
include: 

•  Feature 13: US Highway 2 – US Highway 2 provides a major transportation route 
into and out of the region for park visitors. 

•  Feature 16: US Highway 281 (South of US Highway 2) – US Highway 281 provides 
a major transportation route into and out of the region for park visitors. 

•  Feature 18: ND Highway 19 – Access to Grahams Island is from the north on ND 
Highway 19.  Without continuing road raises along ND Highway 19, there is no 
access to Grahams Island.   

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.7.3.7 O&M 

Operation and maintenance requirements for the raised roadway would be similar to the 
unimpacted roadway with respect to road surface maintenance and shoulder and slope 
mowing.  Additional maintenance requirements for the raised roadway sections would 
include maintenance of the riprap on both the east and west sides.  Annual maintenance 
costs for the riprap have been estimated at 0.5 percent of the initial construction cost.  
The O&M costs were not included in the economic analysis due to limitations of the 
Feature Analysis Model. 

4.7.3.8 Lead Time Required 

The raising of the Grahams Island access road could be completed in one construction 
season.  A lead time of about twelve months would be necessary for final design, 
preparation of construction documents and bidding.  Total t ime between initiation of final 
design and substantial completion of construction would be in the range of 18 to 24 
months. 

4.7.3.9 Potential Problems and Risks 

The potential problems and risks associated with the road raise include: 
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•  Road embankment fill into water will make compaction and quality control difficult  

•  Foundation conditions will be difficult  to assess prior to actual construction 

•  Adjacent utilit ies may need to be relocated 

4.7.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with raising the 
access road: 

•  Locations of buried utilit ies, if any 

•  Soil borings along toe of existing road embankment 

•  Precise location and evaluation of nearby cultural resources 

4.7.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 7, an abbreviated method was necessary for 
examining the costs of infrastructure protection at action levels above the first .  The 
estimated costs at action levels subsequent to the first  are presented in Table 4.7-2b.  
Estimates of benefits—damages prevented—for subsequent action levels were made in 
the same manner as for the first action level.  The damage estimates for all action levels 
are shown in Table 4.7-1.    

The same general approach to calculate costs was used for the subsequent action levels.  
Unit prices were not changed.  However, some of the cost items were simply extrapolated 
for the higher action levels, rather than being calculated in detail.   The relevant design 
and cost assumptions for the abbreviated method are listed below. 

Design Assumptions 

The costs associated with infrastructure protection at the second and third action levels at 
Grahams Island are associated with raising the access road to provide continued access to 
the park. 

•  Raise elevations  

Action Level 2:  5-foot raise to 1461.3 

Action Level 3:  3.5-foot raise to 1465 
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•  Cross-section   

Action Level 2:  30-foot top width, 4H: 1V side slopes, centerline-offset raise 

Action Level 3:  30-foot top width, 4H: 1V side slopes, centerline-offset raise 

•  Length   

Action Level 2:  Total length of raised roadway- 23,350 feet 

Action Level 3:  Total length of raised roadway- 23,950 feet 

•  Impacted Area 

Action Level 2:  Incremental area impacted by raised roadway- 20.0 acres 

Action Level 3:  Incremental area impacted by raised roadway- 16.3 acres 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.7-2b.  The geological/geotechnical and 
environmental quantities and costs were estimated in proportion to the Action Level 1 
costs as described in Section 3.2.13.  Real Estate costs were assumed to be the same for 
each raise. 

4.7.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study, the flood damage estimates for Grahams 
Island were reassessed to update and more accurately characterize the nature of the damages.  The 
updated damage computations for Grahams Island are summarized in the accompanying Table 
4.7-1.   

Table 4.7-1 lists damages to buildings that would be inundated by rising waters.  These damages 
are based on capitalized values of the buildings impacted, as provided by camp operations staff.  
Inundated land values are also listed, using a standard assessed value per acre.  Damages for this 
feature also include lost revenue for the park facility and temporary closure of the access road. 

Unit prices for all the damage computations were discussed previously in Section 2.0, and are 
detailed in Table 4.0-1.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for Grahams Island are listed in the Feature 7 Assumptions 
listing, appended to this Section 4.7. 

Costs:  The updated costs of providing flood protection for Grahams Island are detailed in the 
accompanying Table 4.7-2a for the first action level and in Table 4.7-2b for the subsequent action 
levels.  Unit prices, data sources, and relevant assumptions are listed.   
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Table 4.7-2a lists costs for the first  raise of the access road to 1456.3 and the costs for relocation 
of structures up to elevation 1451.3. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-1.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for Grahams Island are listed in the Feature 7 Assumptions 
listing, appended to this Section 4.7. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.7-2).  Contingencies for riprap, fill material, and geotechnical items were estimated 
at the higher end of the range because of the potential variability in the quantities and unit prices. 
Contingency percentages for relocations ranged from 30 to 100%. 

4.7.5 Economic Results 
The flood protection strategy that was analyzed was incremental road raises, which is highlighted 
on the decision tree (Figure 4.7-2).  The results of the Infrastructure Protection Study for 
Grahams Island are listed in Table 4.1-3a for the analysis of all action levels and in Table 4.7-3b 
for the analysis of the first  action level. 

Multiple  Action Level Stochastic Analysis Results: Using the stochastic analysis along with the 
updated damage and cost estimates for Grahams Island, the Infrastructure Protection Study 
analysis provided relevant economic indices for raising the access road.  The access road raises 
and relocation of structures strategy is highlighted on the decision tree (Figure 4.7-2).  The annual 
net benefits for this approach were less than zero (-$66,400).  The BCR for this approach was less 
than one (0.86).  These results show that this strategy is not economically justified.  The present 
worth annualized lost business damages that would be prevented by this strategy were computed 
to be $146,700.  The stochastic results are averages over 10,000 traces. 

The economic justification of this feature appears to be dependent on the duration of lost business 
damages in relation to the number of action levels and timing of the costs that are incurred. 

Multiple  Action Level Results for Specific Scenarios:  Raising the access road was also 
analyzed under each of three specific climate futures.  For Grahams Island, the economic indices 
for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the 
access road were -$414,400, and the BCR was 0.59, indicating that this strategy was not 
economically justified.  For this future, the present worth annualized lost business damages 
that would be prevented were computed at $516,000.  No restoration damages are listed 
under this scenario, indicating that the water level never recedes below the first action level. 
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•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of raising the access road were $18,600, and the BCR was 1.05, indicating that this 
strategy was not economically justified.  For this future, the present worth annualized lost 
business damages that would be prevented were computed at $60,900. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the access road were $13,400, and the BCR was 1.02, indicating that this 
strategy was economically justified.  For this future, the present worth annualized lost 
business damages that would be prevented were computed at $440,900.  

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for Grahams Island, the Infrastructure Protection Study 
analysis also provided relevant economic indices for the first action level.  The annual net 
benefits for this approach were less than zero (-$67,500).  The BCR for this approach was less 
than one (0.80).  These results show that this strategy is not economically justified.  The present 
worth annualized lost business damages that would be prevented by this strategy were computed 
to be $146,700.  The stochastic results are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  The first  raise of the access road was also 
analyzed under each of three specific climate futures.  For Grahams Island, the economic indices 
for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the 
access road were $173,000, and the BCR was 1.50, indicating that this strategy was 
economically justified.  For this future, the present worth annualized lost business damages 
that would be prevented were computed at $516,000.  No restoration damages are listed 
under this scenario, indicating that the water level never recedes below the first action level. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of raising the access road were -$118,300, and the BCR was 0.66, indicating that this 
strategy was not economically justified.  For this future, the present worth annualized lost 
business damages that would be prevented were computed at $60,900. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the access road were $97,900, and the BCR was 1.29, indicating that this 
strategy was economically justified.  For this future, the present worth annualized lost 
business damages that would be prevented were computed at $440,900.  
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FEATURE 7: GRAHAMS ISLAND STATE PARK
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DAMAGES

Action Level

AL1
AL2
AL3

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

15,252 $2,858
15,669 $2,896
16,225 $2,946
16,392 $2,961
16,560 $2,976
16,600 $2,980
17,950 $3,101
19,300 $3,223
20,650 $3,345
22,000 $3,466
23,350 $3,588  
23,450 $3,597
23,550 $3,606
23,650 $3,615
23,750 $3,624
23,850 $3,633
23,950 $3,642  

DAMAGE BREAKDOWN

Description Quantity Units Unit Cost Value Description Quantity Units Unit Cost Value Description Quantity Units Unit Cost Value
(THOUSANDS) (THOUSANDS) (THOUSANDS)

Residence 0 EA $62,000 $0 Residence 2 EA $62,000 $124 Residence 3 EA $62,000 $186
Barn 0 EA $72,000 $0 Barn 3 EA $72,000 $216 Barn 0 EA $72,000 $0
Shed 0 EA $43,200 $0 Shed 2 EA $43,200 $86 Shed 2 EA $43,200 $86
Commercial/Industrial 1 EA $63,000 $63 Commercial/Industrial 1 EA $63,000 $63 Commercial/Industrial 3 EA $63,000 $189

$63 $489 $461

Description Quantity Unit Unit Cost Value Description Quantity Unit Unit Cost Value Description Quantity Unit Unit Cost Value
(THOUSANDS) (THOUSANDS) (THOUSANDS)

Land 1,170 AC $400.00 $468 Land 620 AC $400.00 $248 Land 2,470 AC $400.00 $988
$468 $248 $988

Description Quantity Unit Unit Cost Value
(THOUSANDS)

Annual Revenue 1 LS $516,000 $516
$516

Item Unit Cost Contingency
Value per 

LF of Road
Excavation 2.88 CY/LF $3.50 30% $13

Fill Material 2.00 CY/LF $5.00 30% $13
Geotextile Fabric 3.78 SY/LF $2.00 30% $10

Aggregate Base Course 0.56 CY/LF $20.00 30% $15

Bituminous 0.61 Tons/LF $50.00 30% $40
$90

Item Unit Cost Contingency
Total Value 

for Road
Riprap 1.43 CY/LF $40.00 30% $1,134,171

Geotextile Fabric 8.8 SY/LF $2.00 30% $348,976
$1,483,147

Lake Elevations 1451.3 - 1456.3

Total

Lake Elevations Above 1456.3

Total

Structure Elevation 1451.3 - 1456.3

Total

Structure Elevation Above 1456.3

Total

Land Damages

1457
1458
1459
1460
1461
1462
1463

1450
1451

1456

1453

1455

Lake Elevation 
(MSL)

Land

$988

1449

1451.3 - 1456.3 $489 $248
Below 1451.3 $63 $468

Revenue 
Damages

Lake Elevations (Above 1451.3)

Total

Table 4.7-1

Flood Damages 
Feature 7: Grahams Island State Park

Restoration Damages

Structure Elevation Range Structures and Infrastructure
(MSL)

Structure Elevation (Below 1451.3)

1452

1454

1465
1464

Structural 
Damages

Total

Devils Lake Infrastructure Protection Study

Revenue

$516

(THOUSANDS)

Above 1456.3 $461
$516
$516

Lake Elevations (Below 1451.3)

Total

Restoration 
Damages Description Quantity per LF of Road

Removal of existing bituminous (30'x4' - 
includes shoulder), existing aggregate 
(30'x0.5') and top 1.5' of existing road 
embankment fill
Replace top 1.5' of roadway embankment
Place geotextile beneath new aggregate 
base
Replace 0.5' of subgrade

Replace 0.3' of bituminous pavement

For use under riprap restoration
Total

Total

Description Quantity per LF of Road
Place riprap from road surface elevation to 
bottom of embankment replacemnt for lowest 
impacted roadway length
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: A

Action Level

Cost to Temporarily Close 
Access Roads and to Relocate 

all Structures

AL1 $1,763

COST BREAKDOWN

Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS)
Incremental Residence 5 EA $68,000 30% $442
Relocation Barn 3 EA $72,000 100% $432

Shed 4 EA $43,200 50% $259
Commercial/Industrial 5 EA $63,000 100% $630

$1,763

Road Raise Raise Road to Elevation 1456.3
Residence 0 EA $68,000 30% $0
Barn 0 EA $72,000 100% $0
Shed 0 EA $43,200 50% $0
Commercial/Industrial 1 EA $63,000 100% $126
Performance/Payment Bond 1 JB $29,703 10% $33
Clearing and Grubbing 0.0 AC $3,000 30% $0
Stripping 23,000 CY $1.50 30% $45
Geotextile Fabric 84,000 SY $2.00 30% $218
Aggregate Base Course 9,000 CY $20 30% $234
Fill Material 329,000 CY $5.00 40% $2,303
Bedding 0 CY $35 30% $0
Riprap 14,000 CY $40 40% $784
Bituminous Pavement 10,000 TON $50 30% $650
Culverts 140 LF $50 30% $9
Topsoil 0 CY $2.50 30% $0
Seed 0.0 AC $1,000 30% $0
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 18 EA $1,000 50% $27
Environmental Impacts
Mitigation 1 LS $26
HTRW 1 LS $20
Cultural Resources Investigation 1 LS $42

$4,517
Engineering and Design 15% $678
Supervision and Administration 8% $361
Real Estate Acquisition for ROW 1 LS $112

$5,668

ANNUAL OPERATION AND MAINTENANCE COSTS

Action Level Road Maintenance Pump O&M

AL1 $21 $0

(THOUSANDS)

Total Relocation

Table 4.7-2a

Flood Protection Costs
Feature 7: Grahams Island State Park

Devils Lake Infrastructure Protection Study

Cost to Incrementally Raise 
at AL1 and Incrementally 

Relocate Structures

R(1)

$5,668

R(1) AT AL1

A AT AL1

$21

Total Raise

(THOUSANDS)

Total Operation and 
Maintenance Cost

Subtotal
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(2)

Action Level
Cost to Incrementally Raise at 

AL2

AL2 $9,507
AL3 $0

COST BREAKDOWN

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise Raise Road to Elevation 1461.3 Raise Road to Elevation 1465

Residence 2 EA $68,000 30% $177 Residence 3 EA $68,000 30% $265
Barn 3 EA $72,000 100% $432 Barn 0 EA $72,000 100% $0
Shed 2 EA $43,200 50% $130 Shed 2 EA $43,200 50% $130
Commercial/Industrial 1 EA $63,000 100% $126 Commercial/Industrial 3 EA $63,000 100% $378
Performance/Payment Bond 1 JB $46,078 10% $51 Performance/Payment Bond 1 JB $41,764 10% $46
Clearing and Grubbing 20.0 AC $3,000 30% $78 Clearing and Grubbing 16.3 AC $3,000 30% $64
Stripping 34,500 CY $1.50 30% $67 Stripping 26,500 CY $1.50 30% $52
Geotextile Fabric 118,000 SY $2.00 30% $307 Geotextile Fabric 116,000 SY $2.00 30% $302
Aggregate Base Course 12,500 CY $20 30% $325 Aggregate Base Course 13,500 CY $20 30% $351
Fill Material 540,000 CY $5.00 40% $3,780 Fill Material 512,000 CY $5.00 40% $3,584
Bedding 0 CY $35 30% $0 Bedding 0 CY $35 30% $0
Riprap 20,500 CY $40 40% $1,148 Riprap 12,000 CY $40 40% $672
Bituminous Pavement 13,500 TON $50 30% $878 Bituminous Pavement 14,500 TON $50 30% $943
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Topsoil 0 CY $2.50 30% $0 Topsoil 0 CY $2.50 30% $0
Seed 0.0 AC $1,000 30% $0 Seed 0.0 AC $1,000 30% $0
Geotechnical Geotechnical 
Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 7 EA $1,000 50% $11 Borings 1 EA $1,000 50% $2
Environmental Impacts Environmental Impacts
Mitigation 1 LS $38 Mitigation 1 LS $31
HTRW 1 LS $30 HTRW 1 LS $24
Cultural Resources Investigation 1 LS $62 Cultural Resources Investigation 1 LS $50

$7,638 $6,892
Engineering and Design 15% $1,146 Engineering and Design 15% $1,034
Supervision and Administration 8% $611 Supervision and Administration 8% $551
Real Estate Acquisition for ROW 1 LS $112 Real Estate Acquisition for ROW 1 LS $112

$9,507 $8,589

ANNUAL OPERATION AND MAINTENANCE COSTS

Action Level Road Maintenance Pump O&M

AL2 $33 $0
AL3 $30 $0 $30

$8,589

R(3) AT AL3

Subtotal

Total Raise

R(2) AT AL2

$33

$0

Total Raise

(THOUSANDS)

Total Operation and 
Maintenance Cost

Subtotal

Table 4.7-2b

(THOUSANDS)

Cost to Incrementally Raise 
at AL3

R(3)

Flood Protection Costs
Feature 7: Grahams Island State Park

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $134,000 $164,700 $146,700 $445,500 $0 $0 --

R(4)* Relocation of Structure at First, Second, and Fifth Action Levels:4 Road Raises $468,700 $7,600 $476,300 $0 $35,600 $0 $35,600 $409,900 -$66,400 0.86

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $0 $165,300 $516,000 $681,200 $0 $0 --

R(4)* Relocation of Structure at First, Second, and Fifth Action Levels:4 Road Raises $1,012,400 $7,700 $1,020,100 $0 $75,500 $0 $75,500 $605,700 -$414,400 0.59

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $163,800 $165,300 $60,900 $390,000 $0 $0 --

R(4)* Relocation of Structure at First, Second, and Fifth Action Levels:4 Road Raises $335,400 $7,700 $343,000 $0 $28,500 $0 $28,500 $361,600 $18,600 1.05

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $37,800 $165,300 $440,900 $643,900 $0 $0 --

R(4)* Relocation of Structure at First, Second, and Fifth Action Levels:4 Road Raises $587,100 $7,700 $594,700 $0 $35,800 $0 $35,800 $608,000 $13,400 1.02

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* In addition to a road raise or temporary closure, there are also structure relocations.
**Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (G(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.7 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 7: Grahams Island State Park
Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $127,600 $32,200 $146,700 $306,600 $0 $0 --

R(1) Incremental Road Raise at AL1 $334,200 $7,600 $341,800 $0 $32,200 $0 $32,200 $274,400 -$67,500 0.80

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $0 $32,300 $516,000 $548,300 $0 $0 --

R(1) Incremental Road Raise at AL1 $335,400 $7,700 $343,000 $0 $32,300 $0 $32,300 $516,000 $173,000 1.50

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $163,800 $32,300 $60,900 $257,100 $0 $0 --

R(1) Incremental Road Raise at AL1 $335,400 $7,700 $343,000 $0 $32,300 $0 $32,300 $224,800 -$118,300 0.66

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Structure Relocation Total Restoration Land and Structure Lost Business Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B C = A + B D E F G = D + E + F H = G(No Protection) - G(S)** I = H - C I = H / C
No Protection Temporary Closure of Road During Floods, No Relocation of Structures $0 $0 $0 $0 $32,300 $440,900 $473,200 $0 $0 --

R(1) Incremental Road Raise at AL1 $335,400 $7,700 $343,000 $0 $32,300 $0 $32,300 $440,900 $97,900 1.29

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* In addition to a road raise or temporary closure, there are also structure relocations.
** Total benefits are calculated as the total damages incurred for "No Protection strategy" minus the total damages for the strategy implemented (G(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.7 - 3b

Economics Results:  First Action Level
Feature 7: Grahams Island State Park
Devils Lake Infrastructure Protection Study
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Attachment to 4.7: 
Grahams Island State Park Economic Analysis Assumptions 

A. General Assumptions  
1. Access to Grahams Island State Park is dependent on Highway 19 remaining open.  It  was assumed 

that Highway 19 access would be kept open to provide access to the park road.  The costs for 
Highway 19 are not included in this feature and are analyzed separately in Feature 18:  Highway 19 
from the City of Devils Lake Levee to Highway 281.  Costs for the park access road from 
Highway 19 to the park were included in the costs of protection for this feature. 

2. Grahams Island is defined as the entire island area, including farm, resident, and land area located 
outside of the state park boundaries.  

B. Roads  
•  Existing Road Information  

1. Existing road elevations for the feature were obtained through contact with Wold Engineering 
in Bottineau, ND, primarily Donald Indvik.  

2. Existing road cross-section for the feature were based on construction drawing typical 
sections obtained from BIA/ND DOT/or their consultants including: Benson/Ramsey County 
North Dakota Plans for Federal Aid Project CER-3607(56) Inslope Repair and Inslope 
Protection (Wold Engineering). 

3. Existing road centerline profiles for the features evaluated were obtained from the plans listed 
above.  Plan elevation data was assessed for reasonableness by comparing to the 2000 FEMA 
LIDAR topography.  Where necessary road plan elevation information was supplemented 
with the LIDAR information. 

•  Road Raise  Information  

1. For the incremental road raise strategies, it  was assumed that the access road would be raised 
when the lake level is within 1 foot of the low road elevation. 

2. It  was assumed that the offset centerline raise method would be implemented on the next 
raise, and therefore is the basis of the raised road cross-section.  Pavement and subgrade 
design was based on the existing drawings mentioned above.  

3. No topsoil or seeding was assumed for the road raise because of the width of the road 
shoulder and the height of riprap placement. 
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4. It  was assumed that two culverts would be placed in two individual low areas in need of flow 
equalization.  It  was assumed that any existing culverts were left  in place, and that the two 
new culverts would be located at an elevation equal to the existing road surface elevation. 

5. For the incremental road raise strategies, it  was assumed that county roads being used as park 
access would be raised to the same elevation as Highway 19, starting with the first  raise at 
elevation 1449.5 (1 foot below the existing road elevation). 

6. The estimated maximum road elevation was elevation 1468, based on a 5-foot freeboard 
above the maximum lake level of 1463. 

7. Road raises within the park boundary were not included because roads within the park are, 
for the most part, above elevation 1468. 

•  Road Restoration/Detours 

1. If the selected strategy is temporary closure during flooding, restoration costs for the access 
road were included when the lake drops 1 foot below the lowest point on the access road. 

2. If the county access road is not raised and access to the park is temporarily lost, the value lost 
was assumed to equal the unit day value of time lost.  The unit day value of time lost was 
computed as $7 per day (Corps of Engineers, personal communication, March, 2001) times 
the average annual number of park visitors.  In 1999 the park had 73,770 visitors, which is 
representative of a typical year (based on conversations with Dick Horner, Park 
Superintendent).  This number was used to compute the unit day value of time lost, for a total 
of $516,000 per year. 

3. Restoration damages were calculated assuming that that the bituminous surfacing, shoulder 
and aggregate subgrade would be removed along with an additional 1.5 feet of embankment 
material.  Those materials would then be replaced in kind over a geotextile.  

C. Geotechnical Assumptions 
1. The scope and cost of geotechnical mitigation are related to three issues: (1) number of borings 

and soil tests, (2) soft soils that may require excavation and/or additional construction material, 
and (3) sand deposits which may require excavation or other mitigation such as cut-off walls if 
such occurs in the alignments of levees. 

2. While the county soil surveys have similar descriptions of the subgrade characteristics of glacial 
t ill and lake bed deposits (Severe: low strength), experience in the Devils Lake area has indicated 
that most t ill deposits are better subgrade than lake.  The potential thickness of soft-soil deposits 
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has been estimated based on descriptions of the lake bed deposits in the geologic and soils 
reports. 

3. The potential extents of sand deposits have been estimated based on descriptions in the soils 
reports.  It  is likely that in some locations, the surficial sand deposits, typically assumed herein to 
beach deposits, may be continuous with subsurface sand and gravel deposits (glacial outwash).  
As such, some of the sand deposits may be of much greater extent vertically and laterally (buried) 
than has been assumed herein. 

4. It  is assumed that a soil boring will be completed approximately every 1,000 feet.  Additional 
borings will be completed in areas of critical soils.  Each soil boring and associated observation 
and testing will cost $2,000. 

5. In instances where construction may be completed in the wet, it  is assumed that soft soil will not 
be excavated, but instead may be displaced by new fill.  In those instances, additional fill 
contingency is added based on the percentage of the feature alignment that is underlain by 
potentially soft soil – for 50 percent of the alignment, the contingency is increased by 10 percent, 
and thereafter the amount is pro-rated. 

6. The alignment subgrades of these features are based on: 

•  Carlson, C.G. and T .F. Freers, 1975. Geology of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey, Bulletin 59 – Part 1 (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part 1) 

•  Randich, P.G., 1971. Groundwater Basic Data of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part II) 

•  Randich, P.G., 1977.  Groundwater Resources of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part III) 

•  USDA Soil Conservation Service, 1977, Soil Survey of Benson County Area, North Dakota 

•  Downey, J.S., 1973.  Groundwater Resources. Nelson and Walsh Counties, North Dakota. 
North Dakota Geological Survey Bulletin 57 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 17 – Part III) 

•  Hutchinson, R.D., 1977. Groundwater Basic Data for Ramsey County, North Dakota. North 
Dakota Geological Survey Bulletin 71 – Part II (also North Dakota State Water Commission 
County Groundwater Studies 26 – Part II) 
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•  Hutchinson, R.D. and Robert L. Klausing, 1980.  Groundwater Resources of Ramsey County, 
North Dakota. North Dakota Geological Survey Bulletin 71 – Part III (also North Dakota 
State Water Commission County Groundwater Studies 26 – Part III) 

•  USDA Soil Conservation Service, 1986, Soil Survey of Ramsey County, North Dakota. 
Hardcopy and electronically from http://nasis.nrcs.usda.gov/ 

D. Structures  
1. If the county access road is inundated and access to the island is lost, all land and structures 

located on Grahams Island are considered impacted. 

2. It  was assumed that if access was maintained to the island, structures on the island that would be 
affected by the lake would be moved to high ground (above elevation 1464.)  Structures were 
assumed to be moved when the lake level was within 1 foot of the structure. 

3. The estimated value of State Park structures was full replacement value, since all structures have 
been built  since 1989 (based on conversations with Dick Horner, Park Superintendent). 

4. The estimated value for houses outside the State Park on Grahams Island was $88,000.  This 
figure was obtained from the Federal Emergency Management Agency (FEMA).  This average 
value was determined based on valuation of 1,219 houses in the area.  The value for each house 
was determined for FEMA by certified flood insurance adjusters and was based on total habitable 
square footage of the buildings and standardized real estate appraisals.  These values did not 
include the value of land on which the houses were located.  FEMA has been using these average 
values for planning purposes only (FEMA, March, 2001).  The number of houses and their 
elevations was developed from the FEMA database. 

5. The FEMA database did not provide an adequate data set of values for barns, sheds, or silos.  The 
FEMA database did include estimated values for three barn structures, ranging from $100,000 to 
$200,000.  Limited market research resulted in estimated costs for pre-fabricated metal structures 
at between $10 and $30 per square foot.  At $30 per square foot, a 30-foot by 80-foot pole barn 
would result  in $72,000 value.  This was used as the assumed value for a barn.  Sheds were 
assumed to be 24 feet by 60 feet, resulting in an assumed value of $43,200.  Values for silos were 
developed by using data provided by the North Dakota State Water Commission (Michael Hove, 
10/11/2002 phone call and follow-up data).  While not comprehensive, this data provided a 
reasonable data set for silos included in the FEMA inventory, matched a subset of these with field 
observation, and placed values to each of these structures based on field dimensions and 
estimated structure cost per bushel storage.  This analysis resulted in an average value of $20,453, 
and was used as the estimated average value for silos.  Based on the uncertainty in the database 
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counts for these structures, and the unit prices assumed, the contingency for these structures was 
assumed to be 100 percent. 

6. If the park was temporarily closed because of lack of access, buildings at elevations greater than 
the maximum lake level were assumed to be unaffected.  The buildings are primarily used by 
park staff, and could be temporarily closed while access is unavailable. 

7. The land value for Grahams Island State Park is estimated to be $400/acre.  This value was 
provided by the Corps of Engineers (personal communication, April, 2001) and is an estimate of 
the average value of all land surrounding Devils Lake.  

8. Structure relocation costs were estimated to be 75% of the structure value for residential and farm 
structures (including garages, barns, etc.) and 100% for commercial structures (lift  stations, 
comfort stations, etc.). 

9. If the park was temporarily closed because of lack of access, damages to land and structures were 
assumed to occur as they are affected by the rising lake level. 
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4.8 Summary of Infrastructure Protection Investigation for 
Feature 8:  Rural Areas 

4.8.0 Flood Protection Strategy 
Relocation is the only protection strategy considered for rural structures.   

4.8.1 General Information  
Feature Type:  Rural Areas 

Location:  Rural structures are located throughout Ramsey, Benson, Nelson, and Towner 
counties surrounding Devils Lake and Stump Lake.  The accompanying Figure 4.8-1 shows the 
overall coverage of the rural areas.  Figures 4.8-1a, 4.8-1b, 4.8-1c, 4.8-1d, and 4.8-1e show more 
detailed areas.   

Description:  The Rural feature consists of land and rural structures adjacent to the lake, 
including farmsteads and farmland, residences, state and regional parks, and communities not 
already covered as separate features.  The Rural Areas were divided into two areas for the 
Infrastructure Protection study, as follows: 

1. Devils Lake Rural Areas, including Ramsey, Benson, and Towner counties (except the 
communities of Devils Lake, Churchs Ferry, Minnewaukan, Fort Totten; and state features 
Camp Grafton and Grahams Island) 

2. Stump Lake Rural Areas, including Nelson County 

Significance:  Although the cost of individual infrastructure and land components in these rural 
areas is not high, the total impact of rising lake levels on rural areas is significant.   

Damages:  The flooding of Rural Areas would result  in the following damages:  

•  Loss of homes and farmstead buildings and structures 

•  Loss of crop and pasture land 

•  Loss of parks, park buildings, and park infrastructure 

•  Loss or relocation of utilit ies  

O wner/Sponsor:  Counties and communities would likely be responsible for managing and 
maintaining the structures in these Rural Areas.  

Lead Federal Agency:  The Federal Emergency Management Agency (FEMA) would 
coordinate relocation of structures.  
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4.8.2 Feature Protection 
History of Flood Protection:  Flood protection for Rural Areas has generally consisted of 
relocation of homes and structures.  Some of the Rural Areas have benefited from protection by 
roads acting as dams in the Mission Township area and the area west of ND Highway 20 near 
Acorn Ridge in combination with temporary levees built  by the Corps in the Mission Township 
area. 

General Protection Strategy:  The only strategy considered in this Infrastructure Protection 
Study evaluation included relocation of structures.  Structures included in the analysis included: 

•  Houses (on-reservation) 

•  Houses (off-reservation) 

•  Barns (including larger prefabricated metal buildings as well as timber barns) 

•  Sheds (including machine and tractor storage buildings and smaller pre-fabricated structures) 

•  Silos (including grain storage bins and silos) 

•  Churches 

•  Commercial and Industrial buildings (stores, commercial, and public buildings) 

In addition, land damages were evaluated in this investigation (although rural lands cannot be 
protected, and were therefore not included in the Economic Analysis). 

Protection Strategy by Action Level:  Figure 4.8.1-2 shows the decision tree for Devils Lake 
Rural Areas.  As shown on Figure 4.8.1-2, the approach to flood protection for the Devils Lake 
Rural Areas consisted of the following: 

1. At Action Level 1 (AL1), the structures below 1449 would be relocated 

2. At Action Level 2 (AL2), the structures between 1449 and 1451 would be relocated 

3. At Action Level 3 (AL3), the structures between 1451 and 1452.5 would be relocated 

4. At Action Level 4 (AL4), the structures between 1452.5 and 1454 would be relocated 

5. At Action Level 5 (AL5), the structures between 1454 and 1455.5 would be relocated 

6. At Action Level 6 (AL6), the structures between 14455.5 and 1457 would be relocated 

7. At Action Level 7 (AL7), the structures between 1457 and 1459 would be relocated 

8. At Action Level 8 (AL8), the structures between 1459 and 1461 would be relocated 
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9. At Action Level 9 (AL9), the structures between 1461 and 1464 would be relocated 

Figure 4.8.2-2 shows the decision tree for Stump Lake Rural Areas.  As shown on Figure 4.8.2-2, 
the approach to flood protection for the Stump Lake Rural Areas consisted of the following: 

1. At Action Level 1 (AL1), the structures below 1414 would be relocated 

2. At Action Level 2 (AL2), the structures between 1414 and 1419 would be relocated 

3. At Action Level 3 (AL3), the structures between 1419 and 1424 would be relocated 

4. At Action Level 4 (AL4), the structures between 1424 and 1429 would be relocated 

5. At Action Level 5 (AL5), the structures between 1429 and 1434 would be relocated 

6. At Action Level 6 (AL6), the structures between 1434 and 1439 would be relocated 

7. At Action Level 7 (AL7), the structures between 1439 and 1444 would be relocated 

8. At Action Level 8 (AL8), the structures between 1444 and 1449 would be relocated 

9. At Action Level 9 (AL9), the structures between 1449 and 1454 would be relocated 

10. At Action Level 10 (AL10), the structures between 1454 and 1459 would be relocated 

11. At Action Level 11 (AL11), the structures between 1459 and 1464 would be relocated 

For the Rural Areas, the Infrastructure Protection Study analysis considered all of the incremental 
flood protection action levels below 1454 as the “first  action level” analysis.  All action levels 
were evaluated at the same level of detail. 

4.8.3 Design Considerations 

4.8.3.0 General Design  

No design issues were associated with this feature.  

4.8.3.1 Site Geology 

No geologic concerns would be associated with the incremental strategy for this feature. 

4.8.3.2 Hydrology/Interior Drainage Issues 

No interior drainage concerns would be associated with the incremental strategy for this 
feature. 

4.8.3.3 Real Estate Requirements 

No real estate concerns would be associated with the incremental strategy for this feature. 
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4.8.3.4 Env ironmental/Cultural issues 

HTRW 

The rural areas near Devils Lake and Stump Lake have numerous rural residences and 
farmsteads.  The area has been developed since the early 1900s.  An HTRW review 
including review of aerial photographs, topographic maps, and regulatory databases was 
not performed for this feature.  The information presented below is a summary of the 
typical facilit ies to be relocated that were identified in the FEMA report. 

Current land uses, in the Devils Lake and Sump Lake Rural areas are predominantly 
agricultural.  The structures in the Devils Lake rural area include numerous rural 
residents and farms, five churches and 18 commercial buildings.  In the Stump Lake 
Rural area there are numerous rural residences and farms.  Most of the structures in this 
area were built  during a time when asbestos was used in building materials.   

As presented in Section 4.0, a site inspection to locate wells, fuel tanks, and septic 
systems and a nondestructive asbestos survey would be needed for each rural residence or 
facility.  Cost estimates for relocation of rural residences, farmsteads and other facilit ies 
in the Devils Lake and Stump Lake rural areas are included in the relocation cost 
estimates.  

Cultural  

Since this feature only involves relocating numerous individual farmsteads and scattered 
residences and structures as the lake level rises, a cultural resources literature search was 
not deemed practical or necessary at this level of study.  However, prior to 
implementation, a Phase 1 survey would need to be conducted to determine the locations 
of any cultural resources sites in the project area.  In particular, any houses or standing 
structures over 50 years old that would be affected would need to have their eligibility to 
the National Register of Historic Places evaluated prior to relocation or demolition.  A 
cost of $6,000 per site was included in the relocation costs to conduct a Phase 1 survey. 

Environmental  

The natural resources within the areas impacted by relocations would be minimal and 
confined to those areas directly impacted by the moving of structures.  Fill used for the 
relocations could cause environmental impacts due to the subsequent revegetation of fill 
or borrow locations.  Revegetation and soil compaction may allow for the introduction of 
weedy, non-native species.  Any impact to woodland, wetland and grassland areas would 
impact songbird nesting and small mammal populations, as well impacting reptile and 
amphibian populations due to habitat fragmentation.  Impacts to these species would be 
minimal. 
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4.8.3.5 Effects on existing infrastructure & utilities 

Effects on existing infrastructure and utilit ies were not evaluated throughout the Devils 
Lake basin.  

4.8.3.6 Interdependencies  

The Rural Areas are not directly interdependent with other features, although the entire 
rural community is heavily dependent on these other features (roads for access, 
communities for normal daily activities, hospitals, etc).  The primary roadways that are 
critical for the Rural Areas include: 

•  Feature 13: US Highway 2 

•  Feature 16: US Highway 281 (South of US Highway 2) 

•  Feature 18: ND Highway 19 

•  Feature 19: ND Highway 1 

•  Feature 21: ND Highway 20 (City of Devils Lake Levee to ND Highway 57) 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.8.3.7 O&M 

No O&M is necessary for the incremental strategy for this feature. 

4.8.3.8 Lead Time Required 

A lead time estimate was not completed for the incremental strategy for this feature. 

4.8.3.9 Potential Problems and Risks 

There are no known potential problems and risks associated with the incremental strategy 
for this feature. 

4.8.3.10 Data Deficiencies 

There are no known data deficiencies with the incremental strategy for this feature. 

4.8.4 Economics of Flood Protection 
Damages: For the Infrastructure Protection Study’s analysis, the flood damage estimates for 
Rural Areas were reassessed to consider damages of additional structures affected by the rising 
water.  The updated damage computations for Rural Areas are summarized in the accompanying 
Table 4.8.1-1 (for Devils Lake Rural) and Table 4.8.2-1 (for Stump Lake Rural).   
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Tables 4.8.1-1 and 4.8.2-1 list  damages to structures and other infrastructure that would be 
inundated by rising waters.  These damages are based on available figures from FEMA, and from 
estimates of average values for barns, shed, and silos associated with rural farm operations.  
Damages for non-structural infrastructure, including utilit ies, parks and recreation facilit ies, and 
boat ramps were not included in the damage tables because there was no readily available source 
for inventory and values for these entities.  Damages to land are also listed on these tables. 

Creel Township signed the FEMA waiver to their typical flood disaster policy that allows 
structures to be eligible for buyouts prior to the structures being damaged.  Incremental 
relocations in Creel Township would be done on an as-needed basis, with lead time based on the 
National Weather Service’s spring prediction of expected water levels.  In all other rural 
locations, structure relocations would be completed when the structure is actually damaged.  The 
economic analysis assumes that all structures are damaged at one foot below the structure 
elevation. 

Unit prices for all the damage computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for Rural Areas are listed in the Feature 8 Assumptions listing, 
appended to this Section 4.8. 

Costs:  Updated costs of providing flood protection for Rural Areas are detailed in the 
accompanying Table 4.8.1-2 (for Devils Lake Rural) and Table 4.8.2-2 (for Stump Lake Rural). 
Unit prices, data sources, and relevant assumptions are listed. These tables list  the costs for 
relocating rural structures. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for Rural Areas are listed in the Feature 8 Assumptions listing, 
appended to this Section 4.8. 

Contingencies:  The contingency percentages used for relocations ranged from 30 to 100% 
(Tables 4.8.1-2 and 4.8.2-2).  Contingencies for structures other than residences were estimated at 
the higher end of the range because of the potential variability and unknowns. 

4.8.5 Economic Results 
The results of the Infrastructure Protection Study for Rural Areas up to the maximum lake level 
are listed in Table 4.8.1-3a (Devils Lake Rural) and Table 4.8.2-3 (Stump Lake Rural). The 
economic results for the Devils Lake Rural Areas up to elevation 1454 are listed in Table 4.8.1-3b 
(Devils Lake Rural).  There is only one action level for relocation strategy within the Stump Lake 
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Rural Areas, therefore the Economic Results are only presented up to the maximum lake level of 
1463. 

The Economic Results do not include the damages to land; these rural land damages cannot be 
prevented through the relocation protection strategy. 

Devils Lake Rural Areas 

Multiple  Action Level Stochastic Analysis Results (up to 1463):  Using the stochastic analysis 
along with the updated damage and cost estimates for Devils Lake Rural Areas, the analysis 
provided relevant economic indices for relocation of structures up to a lake level of 1463.  This 
incremental relocation strategy is highlighted on the decision tree (Figure 4.8.1-2).  The annual 
net benefits for this approach were less than zero (-$273,700).  The BCR for this approach was 
less than one (0.72).  These results show that this strategy is not economically justified.  The 
annual damages prevented by this relocation strategy are $706,700.  The stochastic results are 
averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios (up to 1463):  Relocation of structures up 
to 1463 was also analyzed under each of three specific climate futures.  For Devils Lake Rural 
Areas, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of relocation of Devils 
Lake Rural structures up to 1463 were -$831,300, and the BCR was 0.73, indicating that this 
strategy was not economically justified.  The annual damages prevented by this relocation 
strategy are $2,262,600. 

•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
relocation of Devils Lake Rural structures up to 1463 were -$213,700, and the BCR was 0.71, 
indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $514,300. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of relocation of Devils Lake Rural structures up to 1463 were -$394,900, and the 
BCR was 0.72, indicating that this strategy was not economically justified.  The annual 
damages prevented by this relocation strategy are $1,013,900. 

First Action Level Stochastic Analysis Results (up to 1454):  Using the stochastic analysis 
along with the updated damage and cost estimates for Devils Lake Rural Areas, the analysis 
provided relevant economic indices for relocation of structures up to elevation 1454.  The annual 
net benefits for this approach were less than zero (-$218,500).  The BCR for this approach was 
less than one (0.72).  These results show that this strategy is not economically justified.  The 
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annual damages prevented by this relocation strategy are $555,700.  The stochastic results are 
averages over 10,000 traces. 

First Action Level Results for Specific Scenarios (up to 1454):  Relocation of structures up to 
1454 was also analyzed under each of three specific climate futures.  For Devils Lake Rural 
Areas, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of relocation of Devils 
Lake Rural structures up to 1454 were -$359,500, and the BCR was 0.72, indicating that this 
strategy was not economically justified.  The annual damages prevented by this relocation 
strategy are $939,500. 

•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
relocation of Devils Lake Rural structures up to 1454 were -$213,700, and the BCR was 0.71, 
indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $514,300. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of relocation of Devils Lake Rural structures up to 1454 were -$304,600, and the 
BCR was 0.72, indicating that this strategy was not economically justified.  The annual 
damages prevented by this relocation strategy are $777,900. 

Stump Lake Rural Areas 

Multiple  Action Level Stochastic Analysis Results (up to 1463):  Using the stochastic analysis 
along with the updated damage and cost estimates for Stump Lake Rural Areas, the analysis 
provided relevant economic indices for relocation of structures up to elevation 1463.  This 
incremental relocation strategy is highlighted on the decision tree (Figure 4.8.2-2).  The annual 
net benefits for this approach were less than zero (-$28,700).  The BCR for this approach was less 
than one (0.65).  These results show that this strategy is not economically justified.  The annual 
damages prevented by this relocation strategy are $53,100.  The stochastic results are averages 
over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios (up to 1463):  Relocation of structures up 
to 1463 was also analyzed under each of three specific climate futures.  For Stump Lake Rural 
features, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the net benefits of relocation of Stump 
Lake Rural structures up to 1463 were -$87,700, and the BCR was 0.65, indicating that this 
strategy was not economically justified.  The annual damages prevented by this relocation 
strategy are $161,600. 
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•  First Moderate Future – Under the first moderate future climate scenario, the net benefits of 
relocation of Stump Lake Rural structures up to 1463 were -$18,800, and the BCR was 0.66, 
indicating that this strategy was not economically justified.  The annual damages prevented 
by this relocation strategy are $37,400. 

•  Second Moderate Future – Under the second moderate future climate scenario, the net 
benefits of relocation of Stump Lake Rural structures up to 1463 were -$61,300, and the BCR 
was 0.64, indicating that this strategy was not economically justified.  The annual damages 
prevented by this relocation strategy are $108,100. 
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DAMAGES

Action Level
Structure 

Elevation Range Land
(MSL)

AL1 Below 1449.5 $7,471
AL2 1449.6-1451.0 $5,218
AL3 1451.1-1452.5 $5,968
AL4 1452.6-1454.0 $6,622
AL5 1454.1-1455.5 $7,502
AL6 1455.6-1457.0 $8,252
AL7 1457.1-1459.0 $12,454
AL8 1459.1-1461.0 $14,115
AL9 1461.1-1464.0 $23,733

DAMAGE BREAKDOWN

Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)

Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
Residence (On-Res) 24 EA $62,000 $1,488 Residence (On-Res) 6 EA $62,000 $372 Residence (On-Res) 4 EA $62,000 $248 Residence (On-Res) 4 EA $62,000 $248
Residence (Off-Res) 20 EA $88,000 $1,760 Residence (Off-Res) 20 EA $88,000 $1,760 Residence (Off-Res) 12 EA $88,000 $1,056 Residence (Off-Res) 33 EA $88,000 $2,904
Barn 13 EA $72,000 $936 Barn 10 EA $72,000 $720 Barn 13 EA $72,000 $936 Barn 10 EA $72,000 $720
Shed 25 EA $43,200 $1,080 Shed 17 EA $43,200 $734 Shed 16 EA $43,200 $691 Shed 22 EA $43,200 $950
Silo 1 EA $20,500 $21 Silo 0 EA $20,500 $0 Silo 1 EA $20,500 $21 Silo 4 EA $20,500 $82
Church 0 EA $265,000 $0 Church 0 EA $265,000 $0 Church 1 EA $265,000 $265 Church 0 EA $265,000 $0
Commercial 0 EA $63,000 $0 Commercial 1 EA $63,000 $63 Commercial 0 EA $63,000 $0 Commercial 0 EA $63,000 $0
Subtotal $0 Subtotal $0 Subtotal $0 Subtotal $0

Total Relocation $5,285 $3,649 $3,217 $4,904
Land Land Land Land
Land 18,677 AC $400 $7,471 Land 13,045 AC $400 $5,218 Land 14,921 AC $400 $5,968 Land 16,554 AC $400 $6,622

Total Land $7,471 $5,218 $5,968 $6,622

Structure Elevation (1454.1-1455.5)
Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value

Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
Residence (On-Res) 3 EA $62,000 $186 Residence (On-Res) 6 EA $62,000 $372 Residence (On-Res) 12 EA $62,000 $744 Residence (On-Res) 11 EA $62,000 $682 Residence (On-Res) 14 EA $62,000 $868
Residence (Off-Res) 21 EA $88,000 $1,848 Residence (Off-Res) 25 EA $88,000 $2,200 Residence (Off-Res) 45 EA $88,000 $3,960 Residence (Off-Res) 55 EA $88,000 $4,840 Residence (Off-Res) 98 EA $88,000 $8,624
Barn 7 EA $72,000 $504 Barn 15 EA $72,000 $1,080 Barn 24 EA $72,000 $1,728 Barn 24 EA $72,000 $1,728 Barn 36 EA $72,000 $2,592
Shed 16 EA $43,200 $691 Shed 12 EA $43,200 $518 Shed 36 EA $43,200 $1,555 Shed 26 EA $43,200 $1,123 Shed 61 EA $43,200 $2,635
Silo 3 EA $20,500 $62 Silo 3 EA $20,500 $62 Silo 9 EA $20,500 $185 Silo 11 EA $20,500 $226 Silo 23 EA $20,500 $472
Church 1 EA $265,000 $265 Church 0 EA $265,000 $0 Church 1 EA $265,000 $265 Church 1 EA $265,000 $265 Church 1 EA $265,000 $265
Commercial 5 EA $63,000 $315 Commercial 1 EA $63,000 $63 Commercial 2 EA $63,000 $126 Commercial 2 EA $63,000 $126 Commercial 7 EA $63,000 $441
Subtotal $0 Subtotal $0 Subtotal $0 Subtotal $0 Subtotal $0

Total Relocation $3,871 $4,295 $8,563 $8,990 $15,897
Land Land Land Land Land
Land 18,754 AC $400 $7,502 Land 20,629 AC $400 $8,252 Land 31,136 AC $400 $12,454 Land 35,288 AC $400 $14,115 Land 59,333 AC $400 $23,733

Total Land $7,502 $8,252 $12,454 $14,115 $23,733

Notes
1. Land damages are not included in the economic analysis as damages, since it is not feasible to protect.

Feature 8.1: Devils Lake Rural Areas
Devils Lake Infrastructure Protection Study

Structures and 
Infrastructure

$5,285
(THOUSANDS)

Structure Elevation (1452.6-1454.0)

Total Relocation

Total Relocation

Total Land

Total Relocation

Structure Elevation (1449.6-1451.0)Structure Elevation (Below 1449.5)

$3,649

$8,563
$8,990
$15,897

$4,904
$3,217

$3,871

Total Relocation

Table 4.8.1-1

Flood Damages

Total Relocation Total Relocation

$4,295

Structure Elevation (1451.1-1452.5)

Structure Elevation (1461.1-1464.0)

Total Land

Structure Elevation (1459.1-1461.0)

Total Land Total Land

Structure Elevation (1457.1-1459.0)Structure Elevation (1455.6-1457.0)

Total Land

Total Relocation

Total Land Total Land
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S

Action Level

Cost to Relocate All 
Structures

at AL1

AL1 $79,764
AL2 $0
AL3 $0
AL4 $0
AL5 $0
AL6 $0
AL7 $0
AL8 $0
AL9 $0

COST BREAKDOWN

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Incremental Residence (On-Res) 24 EA $68,000 30% $2,122 Residence (On-Res) 6 EA $68,000 30% $530 Residence (On-Res) 4 EA $68,000 30% $354 Residence (On-Res) 4 EA $68,000 30% $354
Relocation Residence (Off-Res) 20 EA $68,000 30% $1,768 Residence (Off-Res) 20 EA $68,000 30% $1,768 Residence (Off-Res) 12 EA $68,000 30% $1,061 Residence (Off-Res) 33 EA $68,000 30% $2,917

Barn 13 EA $72,000 100% $1,872 Barn 10 EA $72,000 100% $1,440 Barn 13 EA $72,000 100% $1,872 Barn 10 EA $72,000 100% $1,440
Shed 25 EA $43,200 50% $1,620 Shed 17 EA $43,200 50% $1,102 Shed 16 EA $43,200 50% $1,037 Shed 22 EA $43,200 50% $1,426
Silo 1 EA $20,500 100% $41 Silo 0 EA $20,500 30% $0 Silo 1 EA $20,500 30% $27 Silo 4 EA $20,500 30% $107
Church 0 EA $265,000 100% $0 Church 0 EA $265,000 100% $0 Church 1 EA $265,000 100% $530 Church 0 EA $265,000 100% $0
Commercial 0 EA $63,000 100% $0 Commercial 1 EA $63,000 100% $126 Commercial 0 EA $63,000 100% $0 Commercial 0 EA $63,000 100% $0

Total Relocation $7,423 $4,966 $4,880 $6,243
7422

S AT AL1
S(9) AT AL5; 1454.1-1455.5

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Incremental Residence (On-Res) 3 EA $68,000 30% $265 Residence (On-Res) 6 EA $68,000 30% $530 Residence (On-Res) 12 EA $68,000 30% $1,061 Residence (On-Res) 11 EA $68,000 30% $972 Residence (On-Res) 14 EA $68,000 30% $1,238
Relocation Residence (Off-Res) 21 EA $68,000 30% $1,856 Residence (Off-Res) 25 EA $68,000 30% $2,210 Residence (Off-Res) 45 EA $68,000 30% $3,978 Residence (Off-Res) 55 EA $68,000 30% $4,862 Residence (Off-Res) 98 EA $68,000 30% $8,663

Barn 7 EA $72,000 100% $1,008 Barn 15 EA $72,000 100% $2,160 Barn 24 EA $72,000 100% $3,456 Barn 24 EA $72,000 100% $3,456 Barn 36 EA $72,000 100% $5,184
Shed 16 EA $43,200 50% $1,037 Shed 12 EA $43,200 50% $778 Shed 36 EA $43,200 50% $2,333 Shed 26 EA $43,200 50% $1,685 Shed 61 EA $43,200 50% $3,953
Silo 3 EA $20,500 30% $80 Silo 3 EA $20,500 30% $80 Silo 9 EA $20,500 30% $240 Silo 11 EA $20,500 30% $293 Silo 23 EA $20,500 30% $613
Church 1 EA $265,000 100% $530 Church 0 EA $265,000 100% $0 Church 1 EA $265,000 100% $530 Church 1 EA $265,000 100% $530 Church 1 EA $265,000 100% $530
Commercial 5 EA $63,000 100% $630 Commercial 1 EA $63,000 100% $126 Commercial 2 EA $63,000 100% $252 Commercial 2 EA $63,000 100% $252 Commercial 7 EA $63,000 100% $882

Total Relocation $5,406 $5,884 $11,849 $12,050 $21,063

Notes:
1. The costs for the Relocate All Structures at AL1 strategy (S) is equal to the sum of all relocations that have not been included in incremental relocations.

Total Relocation

$5,406
$5,884

S(9) AT AL3; 1451.1-1452.5

Total Relocation

S(9) AT AL6; 1455.6-1457.0 S(9) AT AL7; 1457.1-1459.0

Total Relocation Total Relocation Total Relocation

Total RelocationTotal Relocation

Table 4.8.1-2

Flood Protection Costs

S(9) AT AL8; 1459.1-1461.0

S(9) AT AL2; 1449.6-1451.0S(9) AT AL1; Below 1449.5

$4,966

$11,849
$12,050
$21,063

S(9) AT AL9; 1461.1-1464.0

S(9) AT AL4; 1452.6-1454.0

$4,880

S AT AL1

$7,423

$6,243

Feature 8.1: Devils Lake Rural Areas
Devils Lake Infrastructure Protection Study

Cost to Incrementally 
Relocate Structures

at AL1, AL2, AL3,
(THOUSANDS)

S(9)
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Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $706,700 $706,700 $0 $0 --

S(9) 9 Incremental Relocations $980,400 $980,400 $0 $0 $706,700 -$273,700 0.72

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $2,262,600 $2,262,600 $0 $0 --

S(9) 9 Incremental Relocations $3,093,800 $3,093,800 $0 $0 $2,262,600 -$831,300 0.73

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $514,300 $514,300 $0 $0 --

S(9) 9 Incremental Relocations $728,000 $728,000 $0 $0 $514,300 -$213,700 0.71

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $1,013,900 $1,013,900 $0 $0 --

S(9) 9 Incremental Relocations $1,408,800 $1,408,800 $0 $0 $1,013,900 -$394,900 0.72

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (D(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COST DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.8.1 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 8.1: Devils Lake Rural Areas

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $555,700 $555,700 $0 $0 --

S(5) 5 Incremental Relocations $774,100 $774,100 $0 $0 $555,700 -$218,500 0.72

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $939,500 $939,500 $0 $0 --

S(5) 5 Incremental Relocations $1,299,100 $1,299,100 $0 $0 $939,500 -$359,500 0.72

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $514,300 $514,300 $0 $0 --

S(5) 5 Incremental Relocations $728,000 $728,000 $0 $0 $514,300 -$213,700 0.71

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / A
No Protection No Protection or Relocation $0 $0 $777,900 $777,900 $0 $0 --

S(5) 5 Incremental Relocations $1,082,400 $1,082,400 $0 $0 $777,900 -$304,600 0.72

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "No Protection strategy" minus the total damages for the strategy implemented (D(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COST DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.8.1 - 3b

Economics Results:  Action Levels Up to 1454
Feature 8.1: Devils Lake Rural Areas

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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DAMAGES

Strategy
Structure 

Elevation Range Land
(MSL)

AL1 1414-1419 $221
AL2 1419-1424 $260
AL3 1424-1429 $327
AL4 1429-1434 $412
AL5 1434-1439 $507
AL6 1439-1444 $607
AL7 1444-1449 $703
AL8 1449-1454 $791
AL9 1454-1459 $864
AL10 1459-1464 $911

DAMAGE BREAKDOWN

Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)

Residence 0 EA $88,000 $0 Residence 0 EA $88,000 $0 Residence 0 EA $88,000 $0 Residence 0 EA $88,000 $0 Residence 4 EA $88,000 $352
Barn 0 EA $72,000 $0 Barn 0 EA $72,000 $0 Barn 0 EA $72,000 $0 Barn 1 EA $72,000 $72 Barn 2 EA $72,000 $144
Shed 0 EA $43,200 $0 Shed 0 EA $43,200 $0 Shed 0 EA $43,200 $0 Shed 3 EA $43,200 $130 Shed 9 EA $43,200 $389
Silo 0 EA $20,500 $0 Silo 0 EA $20,500 $0 Silo 1 EA $20,500 $21 Silo 0 EA $20,500 $0 Silo 2 EA $20,500 $41
Government/Public 0 EA $63,000 $0 Government/Public 0 EA $63,000 $0 Government/Public 0 EA $63,000 $0 Government/Public 0 EA $63,000 $0 Government/Public 0 EA $63,000 $0

$0 $0 $21 $202 $926
Land Land Land Land Land
Land 553 AC $400 $221 Land 651 AC $400 $260 Land 817 AC $400 $327 Land 1,030 AC $400 $412 Land 1,268 AC $400 $507

$221 $260 $327 $412 $507

Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)

Residence 1 EA $88,000 $88 Residence 1 EA $88,000 $88 Residence 0 EA $88,000 $0 Residence 1 EA $88,000 $88 Residence 2 EA $88,000 $176
Barn 2 EA $72,000 $144 Barn 2 EA $72,000 $144 Barn 1 EA $72,000 $72 Barn 7 EA $72,000 $504 Barn 1 EA $72,000 $72
Shed 0 EA $43,200 $0 Shed 1 EA $43,200 $43 Shed 2 EA $43,200 $86 Shed 2 EA $43,200 $86 Shed 8 EA $43,200 $346
Silo 1 EA $20,500 $21 Silo 0 EA $20,500 $0 Silo 0 EA $20,500 $0 Silo 0 EA $20,500 $0 Silo 0 EA $20,500 $0
Government/Public 0 EA $63,000 $0 Government/Public 0 EA $63,000 $0 Government/Public 2 EA $63,000 $126 Government/Public 2 EA $63,000 $126 Government/Public 3 EA $63,000 $189

$253 $275 $284 $804 $783
Land Land Land Land Land
Land 1,517 AC $400 $607 Land 1,758 AC $400 $703 Land 1,978 AC $400 $791 Land 2,160 AC $400 $864 Land 2,278 AC $400 $911

$607 $703 $791 $864 $911

$0

Structure Elevation (1459-1464)

Total Relocation

Total Land

Total Relocation

Structure Elevation (1429-1434)

Total Relocation

Structure Elevation (1454-1459)Structure Elevation (1439-1444) Structure Elevation (1444-1449)

Total Relocation

Total Land

Total Relocation Total RelocationTotal Relocation

Total Relocation Total Relocation Total Relocation

Total Land Total Land

Structure Elevation (1449-1454)

Total Land

Table 4.8.2-1

Flood Damages
Feature 8.2: Stump Lake Rural Areas

Devils Lake Infrastructure Protection Study

Total Land Total Land Total Land

(THOUSANDS)

$21

$284

Structure Elevation (1414-1419)

Total Land

$275

Structure Elevation (1424-1429)

Structure and Infrastructure

$0

Total Land

$804
$783

Structure Elevation (1434-1439)

$202
$926
$253

Structure Elevation (1419-1424)
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: S

Action Level
Cost to Relocate All Structures

at AL1

AL1 $5,457
AL2 $0
AL3 $0
AL4 $0
AL5 $0
AL6 $0
AL7 $0
AL8 $0
AL9 $0
AL10 $0

COST BREAKDOWN

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Incremental Residence 0 EA $68,000 30% $0 Residence 0 EA $68,000 30% $0 Residence 0 EA $68,000 30% $0 Residence 0 EA $68,000 40% $0 Residence 4 EA $68,000 30% $354
Relocation Barn 0 EA $72,000 100% $0 Barn 0 EA $72,000 100% $0 Barn 0 EA $72,000 100% $0 Barn 1 EA $72,000 100% $144 Barn 2 EA $72,000 100% $288

Shed 0 EA $43,200 50% $0 Shed 0 EA $43,200 50% $0 Shed 0 EA $43,200 50% $0 Shed 3 EA $43,200 50% $194 Shed 9 EA $43,200 50% $583
Silo 0 EA $20,500 100% $0 Silo 0 EA $20,500 100% $0 Silo 1 EA $20,500 100% $41 Silo 0 EA $20,500 100% $0 Silo 2 EA $20,500 100% $82
Government/Public 0 EA $63,000 30% $0 Government/Public 0 EA $63,000 30% $0 Government/Public 0 EA $63,000 30% $0 Government/Public 0 EA $63,000 30% $0 Government/Public 0 EA $63,000 30% $0

$0 $0 $41 $338 $1,307

Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value Description Quantity Units Unit Contin. Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)
Incremental Residence 1 EA $68,000 30% $88 Residence 1 EA $68,000 30% $88 Residence 0 EA $68,000 30% $0 Residence 1 EA $68,000 30% $88 Residence 2 EA $68,000 30% $177
Relocation Barn 2 EA $72,000 100% $288 Barn 2 EA $72,000 100% $288 Barn 1 EA $72,000 100% $144 Barn 7 EA $72,000 100% $1,008 Barn 1 EA $72,000 100% $144

Shed 0 EA $43,200 50% $0 Shed 1 EA $43,200 50% $65 Shed 2 EA $43,200 50% $130 Shed 2 EA $43,200 50% $130 Shed 8 EA $43,200 50% $518
Silo 1 EA $20,500 100% $41 Silo 0 EA $20,500 100% $0 Silo 0 EA $20,500 100% $0 Silo 0 EA $20,500 100% $0 Silo 0 EA $20,500 100% $0
Government/Public 0 EA $63,000 30% $0 Government/Public 0 EA $63,000 30% $0 Government/Public 2 EA $63,000 30% $164 Government/Public 2 EA $63,000 30% $164 Government/Public 3 EA $63,000 30% $246

$417 $441 $437 $1,390 $1,085

Notes:
1. The costs for the Relocate All Structures at AL1 strategy (S) is equal to the sum of all relocations that have not been included in incremental relocations.

$41

S(10)

Cost to Incrementally 
Relocate Structures

at AL1, AL2, AL3,

$0

(THOUSANDS)
$0

Table 4.8.2-2

Flood Protection Costs
Feature 8.2: Stump Lake Rural Areas

Devils Lake Infrastructure Protection Study

$437

S(10) AT AL1; 1414-1419

$1,390
$1,085

S AT AL1
S(10) AT AL4; 1429-34 S(10) AT AL5; 1434-39S(10) AT AL2; 1419-1424 S(10) AT AL3; 1424-29

Total Relocation

S AT AL1

Total Relocation

S(10) AT AL7; 1444-49 S(10) AT AL8; 1449-54 S(10) AT AL10; 1459-64

Total Relocation Total Relocation

S(10) AT AL6; 1439-44

Total Relocation

$338
$1,307
$417
$441

Total RelocationTotal Relocation

S(10) AT AL9; 1454-59

Total Relocation Total Relocation Total Relocation
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Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $53,100 $53,100 $0 $0 --

S(10) 10 Incremental Relocations $81,700 $81,700 $0 $0 $53,100 -$28,700 0.65

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $161,600 $161,600 $0 $0 --

S(10) 10 Incremental Relocations $249,200 $249,200 $0 $0 $161,600 -$87,700 0.65

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $37,400 $37,400 $0 $0 --

S(10) 10 Incremental Relocations $56,300 $56,300 $0 $0 $37,400 -$18,800 0.66

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $108,100 $108,100 $0 $0 --

S(10) 10 Incremental Relocations $169,300 $169,300 $0 $0 $108,100 -$61,300 0.64

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (D(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COST DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.8.2 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 8.2: Stump Lake Rural Areas

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $44,200 $44,200 $0 $0 --

S(8) 8 Incremental Relocations $67,100 $67,100 $0 $0 $44,200 -$22,900 0.66

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $102,600 $102,600 $0 $0 --

S(8) 8 Incremental Relocations $155,700 $155,700 $0 $0 $102,600 -$53,100 0.66

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $37,400 $37,400 $0 $0 --

S(8) 8 Incremental Relocations $56,300 $56,300 $0 $0 $37,400 -$18,800 0.66

Total Benefits Net Benefits Benefit- Cost Ratio

Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D = C E = D(No Protection) - D(S) * F = E - B I = E / B
No Protection No Protection or Relocation $0 $0 $118,300 $118,300 $0 $0 --

S(8) 8 Incremental Relocations $179,800 $179,800 $0 $0 $118,300 -$61,500 0.66

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "No Protection strategy" minus the total damages for the strategy implemented (D(S)).

Strategy COST DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COST DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COST DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COST DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.8.2 - 3b

Economics Results:  Action Levels Up to 1454
Feature 8.2: Stump Lake Rural Areas

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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Attachment 4.8: 
Rural Areas Economic Analysis Assumptions 

A. General Assumptions  
1. The only viable strategy for the rural areas was to relocate residences, abandon public and private 

property, and relocate public utilit ies.  The density of structures does not justify the cost for protection 
by a levee, and access is a potential problem if the structures were somehow protected. 

2. The cost of road raises or road restoration was not considered for the rural areas in this report.  Major 
roads in the region were analyzed as separate features, Features 13 through 24. 

3. Areas that are protected by levees were not considered in the value of rural areas—these were 
included in the feature for the respective community or city. 

4. A GIS database of structures was provided by FEMA and was used to inventory rural structures.  This 
data included building descriptions, elevations, and for most of the structures, estimates of structure 
values.  Rural structures were sorted using GIS tools to drop those structures that fall within the 
analytical boundaries of communities included in this study, including Devils Lake, Camp Grafton, 
St. Michael, Fort Totten, Minnewaukan, Churchs Ferry, and Grahams Island.  From this inventory of 
rural structures, the data was further sorted by county, feature, and elevation range.  Spirit  Lake 
Nation reservation boundaries were also used to discern on-reservation v. off-reservation houses.   

5. Average values for Feature 8.1 houses were obtained from FEMA values provided in 2001.  The 
average value of rural houses located around Devils Lake, but not on the reservation, was $88,000.  
The average value for rural houses located on the Spirit  Lake Nation Reservation was $62,000.  These 
figures were obtained from the Federal Emergency Management Agency (FEMA).  The average 
values for off-reservation and on-reservation houses were based upon 1,219 and 88 houses, 
respectively.  The value for each house was determined for FEMA by certified flood insurance 
adjusters and was based on total habitable square footage of the buildings and standardized real estate 
appraisals.  These values did not include the value of land on which the houses were located.  FEMA 
has been using these average values for planning purposes only (FEMA, March, 2001).  Contingency 
for houses was assumed to be 30 percent, to reflect the large database of costs, and therefore the 
relative certainty in quantity and unit price. 

6. Average values for Feature 8.2: Stump Lake Rural Areas houses were assumed to be the values 
presented in the 1997 Depreciated Replacement Cost (Economics Database Update for the Lands and 
Developments Feasibility Study, Devils Lake, Watts & Associates, Inc., October, 1997).  FEMA data 
was for the Stump Lake area was not available in time for this study.  These values were updated for 
inflation by multiplying them by 1.09 to account for inflation of 3% per year during the period from 
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1998 to February 2001. Contingency for houses was assumed to be 30 percent, to reflect the large 
database of costs, and therefore the relative certainty in quantity and unit price.  

7. The FEMA database did not provide an adequate data set of values for barns, sheds, or silos.  The 
FEMA database did include estimated values for three barn structures, ranging from $100,000 to 
$200,000.  Limited market research resulted in estimated costs for pre-fabricated metal structures at 
between $10 and $30 per square foot.  At $30 per square foot, a 30-foot by 80-foot pole barn would 
result  in $72,000 value.  This was used as the assumed value for a barn.  Sheds were assumed to be 
24 feet by 60 feet, resulting in an assumed value of $43,200.  Values for silos were developed by 
using data provided by the North Dakota State Water Commission (Michael Hove, 10/11/2002 phone 
call and follow-up data).  While not comprehensive, this data provided a reasonable data set for silos 
included in the FEMA inventory, matched a subset of these with field observation, and placed values 
to each of these structures based on field dimensions and estimated structure cost per bushel storage.  
This analysis resulted in an average value of $20,453, and was used as the estimated average value for 
silos.  Based on the uncertainty in the database counts for these structures, and the unit prices 
assumed, the contingency for these structures was assumed to be 100 percent.  

8. The average value for churches located around Devils Lake was $265,000.  This is based on a data set 
of six churches in the FEMA database.  Based on the limited data set, a contingency of 100% was 
used in the cost analysis for relocations. 

9. The average value for commercial buildings was $63,000.  This was based on the average value 
throughout the Devils Lake are as included in the FEMA database (data set included 59 commercial 
buildings). Based on the range of building costs, a contingency of 100% was used in the cost analysis 
for relocations. 

10. For Feature 8.1, within each increment it  was assumed that structures would be relocated and land 
would be damaged when the water surface reached the ground elevation listed for each structure.  For 
each action level, it  was assumed that land and structures would be damaged when the water surface 
reaches the lower limit of the range.  This assumption front-end loads the costs and damages for each 
increment.  However, wave action could affect land and structures several feet above the lake’s level 
and, therefore, actual damages might occur well before the lake reaches the land or structure 
elevation. 

11. For Feature 8.2, there are only 4 structures that are located between the current lake elevation and 
1464.  Ten action levels were selected for this feature to compute the damages to land.  Within these 
elevation increments, it  was assumed that land and structures would be damaged when the water 
surface reaches the lower limit of the range, as in Feature 8.1. 
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12. Land value in rural areas was assumed to be $400/acre.  This value was provided by the Corps of 
Engineers (personal communication, April, 2001) and is an estimate of the average value of all land 
surrounding Devils Lake.  

13. The majority of Spirit  Lake Nation Reservation residences are in Fort Totten and St. Michael and 
were considered separately in those features. 

14. All structures and land in Nelson County are part of the Stump Lake watershed and would not be 
affected until Devils Lake overflows at elevation 1446.6.  Therefore, the Stump Lake rural areas were 
analyzed separately from the Devils Lake rural areas.  The relocation costs and damages for the 
Stump Lake rural areas were calculated with reference to Stump Lake water surface elevations, not 
Devils Lake water surface elevations. 

15. In the 1998 study, costs for relocating rural utilit ies and damages to rural parks and boat ramps were 
included in the total damage values for structures and infrastructure.  The total damage values were 
obtained from the Economics Database Update for the Lands and Developments Feasibility Study, 
Devils Lake by Watts & Associates, Inc. (October, 1997).  However, relocation costs for utilities and 
damages to rural parks and boat ramps were not itemized in the Watts study and these data were not 
available elsewhere.  Therefore, for this analysis these additional costs were not included in the total 
damages. 

16. Land areas adjacent to Devils Lake and Stump Lake that would be affected by rising lake levels were 
obtained from the USGS (5-Box Model) elevation-volume-area relationships.  Areas above 
elevation 1463 were extrapolated to elevation 1465. 
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4.10 Summary of Infrastructure Protection Investigation for 
Feature 10:  Canadian Pacific Railroad 

4.10.0 Flood Protection Strategy 
The incremental flood protection that was analyzed for the Canadian Pacific Railroad was 
incremental rail raises.  

4.10.1 General Information  
Feature Type:  Rail Line 

Location:  Feature 10 is the portion of the Canadian Pacific Railroad from the City of Devils 
Lake west to US Highway 281 near Harlowe.  It extends approximately 18 miles from the City of 
Devils Lake to US Highway 281.  The accompanying Figure 4.10-1 shows the feature’s location 
and approximate extents, and the inundation extents at the three reference lake levels (1447, 
1454, and 1463). 

Description:  The rail line was constructed on raised embankments.  It  currently has 
approximately 3 miles near the west end of the line that is damaged, but not submerged, by a 
portion of Devils Lake at its current lake level.  There are culverts under the rail line for water 
passage at Mauvais Coulee and Six Mile Bay. 

Significance:  The tracks between the City of Devils Lake and Harlowe were predominantly used 
for grain shipments.  This rail line has been temporarily closed since 1998 due to erosion of the 
embankment.  The current lake level (1447) is about 3 feet below the lowest elevation of the 
tracks (1450); however, wave action has caused erosion damage to the sides of the rail bed, 
making the rail line too dangerous to use.  Grain is now trucked to a BNSF line instead of being 
shipped by rail.  Northern Plains Railroad, lessee of Canadian Pacific Railroad tracks, does not 
consider the railroad “abandoned” because they intend to reopen the tracks if they receive funding 
from the US Congress for repair and raises.  Instead the railroad is considered “embargoed.” 

Damages:  The flooding of the Canadian Pacific Railroad would result  in the following damages: 

•  Restoration damages resulting from repairs that would be necessary to bring the rail line back 
to a useable condition after a period of inundation 

•  Alternate shipping/detour damages when the rail line is closed 

O wner/Sponsor:  Canadian Pacific Railroad is responsible for managing and maintaining 
Feature 10: Canadian Pacific Railroad. 
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Lead Federal Agency:  The Corps of Engineers would most likely take the lead for the Canadian 
Pacific Railroad for any flood protection work that may take place.  

4.10.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for the Canadian Pacific Railroad 
between Devils Lake and Harlowe has consisted of abandoning the rail line until funding is 
received to raise the rail line for future use. 

General Protection Strategy:  The Infrastructure Protection Study’s analysis for the Canadian 
Pacific Railroad considered the only available incremental flood protection strategy, apart from 
abandonment.  That flood protection strategy involved incremental raises of the rail line.  The 
current low rail elevation is 1450; however, the railroad is currently out of service due to damage 
that has already occurred.  

Protection Strategy by Lake Level:  Figure 4.10-2 shows the decision tree for Canadian Pacific 
Railroad.  As shown on Figure 4.10-2, the stepwise approach to flood protection for Canadian 
Pacific Railroad consists of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the rail line would be 
raised to 1458, or whether the rail line would be temporarily abandoned. 

2. If the rail line were raised at AL1, a decision would be made at Action Level 2 (AL2) 
whether to raise the rail line to 1467, or whether to temporarily close the rail line. 

The pertinent reference elevations for each level of flood protection strategy are given below:  

Reference Elevations for Feature 10 Rail Raises 
Elevation 

AL1 AL2 Name Significance 
1450 1458 Low Structure Elevation Low sill on lowest building or 

minimum railroad elevation 
Current 1454 Lake Damage Elevation Lake elevation at which damage to 

railway occurs 
(a 4-foot wave runup was calculated for 
this feature) 

Current N/A Project Completion 
Elevation 

Lake elevation at which railway 
construction must be complete 

Current 1454 Construction Initiation 
Elevation 

Lake elevation at which railway 
raise construction must begin. 

Current 1452 Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 
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4.10.3 Design Considerations   
Sections 4.10.3.0 through 4.10.3.10 describe the analysis of the design of flood protection 
measures, as well as other considerations (geotechnical, environmental, etc.) necessary to make 
the cost estimates for the first  action level.  Section 4.10.3.11 describes the abbreviated cost 
estimating method for a subsequent action level. 

4.10.3.0 General Design  

Alignment & Profile 

Figure 4.10-1 shows the alignment of the existing Canadian Pacific Railroad.  The raised 
rail line will follow the same alignment.  The overall length of this segment of the rail 
line is approximately 18 miles, with approximately 7.4 miles of the rail to be raised.  The 
current low rail elevation is 1450.  Figure 4.10-4 shows the existing rail profile and raised 
rail profile.  The proposed rail profile is at 1458. 

Cross-section 

Figure 4.10-3 shows a typical cross-section of the proposed rail raise.  The raise will be 
accomplished by removing the existing rails, filling over the existing rail centerline with 
compacted embankment fill, placing riprap on both slopes, and installing new rails 
including ballast, subballast, t ies and rails.  The embankment crest will be 20 feet wide 
with 2H:1V side slopes. 

Materials 

It was assumed that the fill would be constructed from readily available native soils that 
are suitable for use as compacted embankment fill.  The ballast and subballast would be 
constructed using commercially available coarse aggregates suitable for rail line 
embankment construction.  The riprap would be constructed from commercially available 
stones of appropriate size for erosion protection as described below. 

Erosion Protection 

It was assumed that riprap would be placed on both slopes of the raised rail line 
embankment.  The riprap is to be placed directly over the compacted fill material along 
the entire length of the slope from the crest down to the natural ground surface.  No 
topsoil or seeding was assumed for the raised rail. 

Riprap sizing and thickness was evaluated using COE methods and the COE Shore 
Protection Manual, with wave height calculated from the report t it led, Devils Lake, North 
Dakota, Wind-Induced Impacts to Water Elevations, COE, 1998 revised edition.  A 
summary of the riprap design, based on fetch, depth of water, and the side slope, follows: 
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Wind-Induced Wave 
Height (ft.) 

Additional 
Freeboard (ft.) Riprap size  (D50) 

Riprap 
Thickness (ft.) 

3.0 1.0 42 inches 5 

 
The riprap analysis appears to overestimate the size, based on typical rail line details.  
Discussions with BNSF staff and the report Preliminary Evaluation of Joint Raise of 
BNSF Mainline Tracks and US Highway 2 in the Vicinity of Devils Lake, North Dakota 
(Barr, March 2002), indicate a 4-foot freeboard and a 2-foot thickness of riprap is 
appropriate.  It  was recognized that some wave run-up or splashing along the top of the 
rails would be acceptable.  Therefore, based on the referenced report (Barr, March 2002), 
the following parameters were assumed to provide erosion protection for the Canadian 
Pacific Railroad cross-section: 

Freeboard (ft.) Riprap size  (D50) Riprap Thickness (ft.) 
4.0 16 inches 2 

 
Construction Considerations 

It was assumed that construction would take place under dry conditions where possible, 
and the planning and design would be complete prior to the rail line being impacted by 
wave action. Several miles of the track have recently been damaged due to wave action, 
but the tracks are not submerged; construction would need to be completed in partially 
wet conditions in these areas.  Staging for the work would be within the 15-foot buffer 
zone from the toe slopes assumed for easements and would progress from one end along 
the length of the rail or from both ends and working towards the center.  Crossings and 
culverts would be raised or extended as necessary prior to raising the rail adjacent to 
these facilit ies.  It  is assumed that construction would be completed with the necessary 
effort to complete in one season, as extended closures are extremely costly. 

4.10.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area belong to formations of the 
Coleharbor Group. 

The proposed improvement sections for the Canadian Pacific Railroad are underlain by 
bouldery clay till in a low-relief stagnation moraine of the Coleharbor Group.  The till is 
generally composed of silty clay with sand, pebbles, cobbles, and boulders.  This deposit 
is yellowish brown in the oxidized zone in the uppermost 10 to 25 feet near the ground 
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surface, and olive gray at depth.  The glacial deposits range from about 70 to 150 feet in 
thickness.  Boring logs and cross-section information show that some sand and gravel 
outwash units may be present at depth.  The uppermost bedrock is Cretaceous Pierre 
Shale. 

As indicated principally by the soils map, thin layers of the silt  and clay facies lake bed 
deposits and sand beach deposits – both from past high stands of the lake (prehistoric 
Lake Minnewaukan) – may be present in the low areas from Station 0 to Station 7.  Some 
areas of the alignment (approximately from Station 7 to 18) have deposits associated with 
glacial pothole lakes and outwash deposits.  Currently flooded areas may also have 
accumulated recent lake sediments, typically in areas overlying prehistoric Lake 
Minnewaukan. 

As detailed in Figure 4.10-4, the proposed feature enhancements cross several soil types.  
The soil type descriptions are taken from the Soil Survey of Ramsey County (ref.), with a 
general description of each soil type’s properties regarding road construction, (applicable 
to railroad bed improvement and levee construction).  In the descriptions, “Slight” means 
soil properties and site characteristics are generally favorable for this use.  “Severe” 
means special design may be required.  Wetness and flooding are a given, since much of 
the area is currently inundated.  Generally, soils belong to one of the following groups: 

•  Till – typically ML and CL to CL-ML loams.  Typically these deposits are described 
as “Slight to “Moderate,” primarily based on low strength and frost action.  As such 
they usually are acceptable subgrade materials.  In some localized areas, the soil 
materials are described as “Severe” alternately due to low strength, frost action, 
shrink-swell, flooding and wetness and may need soil correction measures.  The 
majority of deposits underlying the alignment are till. 

•  Lake deposits – typically clay and silt  loams, ML and CL to CL-ML with CH and 
organic clay OL areas.  All of these lake deposits are generally described as “Severe” 
based on low strength, frost action, shrink-sell and wetness.  Lake deposit  materials 
typically require soil correction efforts.  Lake bed deposits underlie approximately 
48% of the alignments. 

•  Beach deposits or Outwash – typically sand and sandy loams, SP, SM-SP and SM 
with some quite gravelly areas (GM and GP-GM).  These deposits are typically 
described as “Good” to “Slight” with frost action and wetness cited as concerns.  
These materials typically are suitable subgrade materials for road construction. 
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•  Esker/Kame deposits – These deposits are similar in description to beach and 
outwash deposits but are typically much more coarse sand and gravelly with boulders 
and cobbles.   

Characterizing the planned improvement portions of the alignment will require 12 soil 
borings.   

4.10.3.2 Hydrology/Interior Drainage issues 

It is assumed that the existing culverts will be maintained or extended through the raised 
rail embankment to allow for water level equalization on both sides of the rail line.  
These existing culverts will be extended as necessary to extend through the new 
embankment.  Therefore, hydrology and drainage are not a concern for this feature other 
than maintaining the proper size culverts to maintain flows at the Mauvais Coulee 
crossing and Six Mile Bay crossing. 

4.10.3.3 Real Estate Requirements 

Right-of-way requirements for the road raise are assumed to extend 15 feet beyond each 
toe of the raised embankment.  The 15-foot buffer will provide sufficient room for 
temporary construction activities and long-term maintenance needs. 

4.10.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses, surrounding the Canadian Pacific Railroad, appear to be 
predominantly agricultural with scattered rural residences and farms from Tilden to the 
City of Devils Lake limits.  The rail line crosses through two small towns with less than 
10 homes or buildings, Ramsey and Darby.  These towns appear to be generally made up 
of rural residences but may potentially have other land uses including commercial or 
industrial.  Land use does not appear to have changed significantly since the 1950s. 

Regulatory record reviews for zip code 58301, which includes the City of Devils Lake, 
were obtained from FirstSearch on October 15, 2002.  None of the properties listed in the 
FirstSearch report appear to be adjacent to the Canadian Pacific Railway. 

One potential HTRW site identified along the alignment is listed below and shown on 
Figure 4.10-1:   

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category HTRW Costs 
10-1-1 1 Pipeline Crossings $500 
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The site does not cross the portion of the alignment of concern; however, it is close 
enough to note.  Site inspection visit  to verify pipeline location with respect to impact 
area should be completed.  An investigation is not anticipated, unless the feature 
construction should end up affecting this area in the future.  A description of 
environmental concerns associated with these categories is in Section 4.0.  A more 
detailed description of site history and a breakdown of costs are in Appendix C. 

Cultural 

This project has the potential to impact two known sites and three site leads/isolated finds 
as shown on Figure 4.10-1.  The two known sites are both architectural properties: the 
Anderson House (32RY0192) and Grand Harbor Townsite 1 (32RY0403).  Grand Harbor 
Townsite 1 has been recommended as potentially eligible for listing on the NRHP.  The 
Anderson House, which is actually an historical farmstead, was studied during an 
evaluative survey and was recommended as eligible for listing on the NRHP, both 
individually and as part of a potential historic district. 

The site leads that may fall within the Canadian Pacific Railroad area of potential effect 
include two historical archaeological site leads:  32BEX0053 (Spaulding Ferry) and 
32RYX0027 (Darby Station).  Isolated find 32RYX0105 is prehistoric archaeological in 
nature. 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 

Feature 10 Canadian Pacific Railroad: Evaluation Status of Known Cultural 
Resources 

Resource Type 

Resources 
Listed on or 
Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 

(Require Phase I Survey) 
Architectural  0 0 0 
Archaeological 0 2 0 
Architectural Site 
Leads/Isolated Finds 

0 0 0 

Archaeological Site 
Leads/Isolated Finds 

0 0 3 

Total 0 2 3 

 
The estimated cost to conduct Phase 1 Surveys for each of the 3 sites is presented in the 
following table.  The total cost for all surveys is $36,000.  As noted in Section 4.0, these 
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costs are believed representative of the cultural resources investigations needed for the 
next stage of study. 

Feature 10 Canadian Pacific Railroad: Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BEX0053 Phase I Archaeological $14,000 
32RYX0027 Phase I Archaeological $14,000 
32RYX0105 Phase I Archaeological $8,000 

 
Environmental  

Fill used for the construction of the road raise and relocation could cause environmental 
impacts due to encroachment upon wetlands and upland plant communities.  The natural 
resources within the right-of-way of Canadian Pacific Railroad include wetlands, oak 
forest/woodlands, and grasslands.  The acres of habitat impacted by land use category are 
shown on Figure 4.10-1.  A total of 0.35 acres of wetland easement areas and 10.24 acres 
of other wetland impacts are expected from the proposed infrastructure protection 
measures.  Complete or partial loss of wetland functions and conversion to upland due to 
filling is possible in some locations.  In areas where some hydrology is maintained and 
wetland conditions remain, changes in plant community and hydrology could lead to a 
wetland type change.  The loss of wetland area would impact waterfowl, marsh bird and 
songbird-nesting areas, as well bring about impacts to reptile and amphibian populations 
due to habitat fragmentation.  These environmental impacts are more fully detailed in the 
general impacts discussion Section 4.0.  This loss of wetland would require 20.83 acres 
of mitigation wetlands as set forth in the project mitigation policy developed through 
consultation with the Corps and FWS.  

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent revegetation of fill or borrow locations may allow for the introduction 
of weedy, non-native species.  A loss of native tree species due to grading and filling, as 
well as the introduction of weedy, non-native under-story species could also be expected 
in these areas.  These environmental impacts are more fully detailed in the general 
impacts discussion Section 4.0.  A total of 0.83 acres of oak forest/oak woodland with 
0.17 of those acres under easement, 6.48 acres of grasslands under easements, 26.56 acres 
of other grassland habitat and 1.31 acres of cover crop under easements would be 
impacted from the proposed infrastructure protection measures in this location.  The loss 
of woodland areas would impact songbird nesting and small mammal populations, as 
well impacting reptile and amphibian populations due to habitat fragmentation.  
Mitigation activities would require the acquisition of 1.49 acres of oak forest/oak 



P:\34\36\020\2002-10 4.10-9 

woodland, 59.6 acres of grasslands habitat and 1.31 acres of cover crop like upland 
habitat areas for these impacts.  

4.10.3.5 Effects on Existing Infrastructure and Utilities 

The existing infrastructure and utilit ies affected by raising the Canadian Pacific Railroad 
are road crossings, culverts, and crossing signals.  There are several uncontrolled local 
road crossings that must be raised and one gated vehicle crossing that must be raised.  
Also, as mentioned above, existing culverts will have to be extended through the new 
embankment.  There are no other known utilit ies or facilit ies affected by raising the 
Canadian Pacific Railroad. 

4.10.3.6 Interdependencies  

The protection of the Canadian Pacific Railroad is related to the protection of the 
following other features: 

•  Feature 2: City of Devils Lake – Collection of grain in the City of Devils Lake may 
increase truck traffic in the city during any closures of this rail line 

•  Feature 13: US Highway 2 – Shipments of grain will increase truck traffic on US 
Highway 2 during any closures of this rail line 

•  Feature 16: US Highway 281 (South of US Highway 2) – Shipments of grain will 
increase truck traffic on US Highway 281 during any closures of this rail line 

•  Feature 18: ND Highway 19 – Shipments of grain will increase truck traffic on ND 
Highway 19 during any closures of this rail line 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.10.3.7 O&M 

Operation and maintenance requirements for the raised rail line would be similar to the 
unimpacted rail line with respect to rails, t ies, and shoulder maintenance.  Additional 
maintenance requirements for the raised rail sections would include maintenance of the 
riprap on the slopes.  Annual maintenance costs for the riprap have been estimated at 0.5 
percent of the initial construction cost.  The O&M costs were not included in the 
economic analysis due to limitations of the Feature Analysis Model. 
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4.10.3.8 Lead Time Required 

Planning and implementation of flood protection measures must begin well in advance of 
the time when lake water would actually be causing damage to the feature.  The amount 
of lead time will depend on the amount of time needed to plan and implement the flood 
protection measure.  For Canadian Pacific Railroad, estimates of required times for the 
rail line raise are as follows:  

•  Time required for planning and design – a lead time of about twelve months would 
be necessary for final design, preparation of construction documents and bidding 

•  Time required for construction – raising of the Canadian Pacific Railroad could be 
completed in one construction season 

•  The total t ime between initiation of final design and substantial completion of 
construction would be in the range of 18 to 24 months 

Lead time estimates were used along with the Corps-provided probability-based 
projection of the rate of rise of Devils Lake to produce the tables of critical lake levels 
presented in Section 4.0. 

4.10.3.9 Potential Problems and Risks 

The greatest risk associated with the raising of the Canadian Pacific Railroad is the 
uncertainty with the rate of the lake level changes.  If the lake level rises faster than 
anticipated the lead time necessary to implement the raise may be inadequate, requiring 
portions of the construction to be completed in wet conditions.  

4.10.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with raising the 
Canadian Pacific Railroad: 

•  Locate above ground and buried utilit ies, if any 

•  Perform soil borings as necessary prior to raising the rail 

•  Locate and evaluate nearby cultural resources that were identified 

•  Review Canadian Pacific Railroad property holdings along the rail line and the 
proposed right-of-way requirements 
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4.10.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 10, an abbreviated method was necessary for 
examining the costs of infrastructure protection at the second action level.  The estimated 
costs at action levels subsequent to the first  are presented in Table 4.10-2b.  Estimates of 
benefits—damages prevented—for subsequent action levels were made in the same 
manner as for the first  action level.  The damage estimates for all action levels are shown 
in Table 4.10-1.   

The same general approach to calculate costs was used for the subsequent action level.  
Unit prices were not changed.  However, some of the cost items were simply extrapolated 
for the higher action level, rather than being calculated in detail.  The relevant design and 
cost assumptions for the abbreviated method are listed below. 

Design Assumptions 

•  Raise elevation  

Action Level 2:  9-foot raise to 1467 

•  Cross-section   

Action Level 2:  20-foot top width, 2H:1V side slopes, centerline-aligned raise 

•  Length   

Action Level 2:  Total length of raised railroad- 74,450 feet 

•  Impacted Area 

Action Level 2:  Incremental area impacted by raised railroad- 110 acres 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.10-2b.  The geological/geotechnical and 
environmental quantities and costs were estimated in proportion to the Action Level 1 
costs as described in Section 3.2.13. Real Estate costs were assumed to be proportional to 
the impacted area of the raise. 

4.10.4 Economics of Flood Protection 
Damages: For the Infrastructure Protection Study’s analysis, the flood damage estimates for the 
Canadian Pacific Railroad were reassessed in order to update and more accurately characterize 
the nature of the damages.  The updated damage computations for the Canadian Pacific Railroad 
are summarized in the accompanying Table 4.10-1. 
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The top portion of table 4.10-1 gives a summary of the annual detour damages that would occur 
during the years when the rail line is flooded.  It also shows railroad restoration damages that can 
be expected once the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives quoted 
costs from the rail line for detour damages and cost per lineal foot of rail for restoration damages.  
The restoration units include excavation and rail removal per lineal foot and installation of new 
rail per lineal foot.  Restoration damages are assumed necessary when water reaches the rail 
elevation and then recedes. 

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  A list  of assumptions regarding the damage computations, data sources, and other aspects 
of the economic analysis for Canadian Pacific Railroad are listed in the Canadian Pacific Railroad 
Infrastructure Protection Study Assumptions listing, attached to this Section 4.10. 

Costs:  The updated costs of providing flood protection for the Canadian Pacific Railroad are 
detailed in the accompanying Table 4.10-2a for the first  action level and in Table 4.10-2b for the 
second action level.  Unit prices, data sources, and relevant assumptions are listed.  All costs are 
given in 2002 dollars. 

The top portion of the table gives the cost of providing flood protection as presented in the 
Infrastructure Protection Study.  The lower portion of the table provides a cost breakdown of the 
quantities and costs by line item: fill, riprap, crossings, gated crossings, bridge raise, culverts, 
mainline train traffic control signals, and track installation.  Also included in this portion of the 
table are geotechnical, environmental, engineering, and real estate right-of-way costs. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for the Canadian Pacific Railroad are listed in the Canadian 
Pacific Railroad Assumptions listing, appended to this Section 4.10. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.10-2).  Contingencies for riprap, fill material, culverts, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices. 

4.10.5 Economic Results 
The flood protection strategy that was analyzed was incremental rail raises, which is highlighted 
on the decision tree (Figure 4.10-2).  The results of the Infrastructure Protection Study for 
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Canadian Pacific Railroad are listed in Table 4.10-3a for the analysis of all action levels and in 
Table 4.10-3b for the analysis of the first  action level. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for Canadian Pacific Railroad, the Infrastructure 
Protection Study analysis provided relevant economic indices for raising the rail line.  The annual 
net benefits for this approach were less than zero (-$895,900).  The BCR for this approach was 
less than one (0.48).  These results show that this strategy is not economically justified.  The 
present worth annualized detour damages that would be prevented by this strategy were computed 
to be $212,700.  The stochastic results are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  Raising the rail line was also analyzed 
under each of three specific climate futures.  For Canadian Pacific Railroad, the economic indices 
for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the rail 
line were –$2,646,700, and the BCR was 0.17, indicating that this strategy was not 
economically justified.  No restoration damages are listed under this scenario, indicating that 
the water level never recedes below the first  action level.  For this future, the present worth 
annualized detour damages that would be prevented were computed at $219,700. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of raising the rail line were $272,500, and the BCR was 1.19, indicating that this 
strategy was economically justified.  The positive net benefits reflect that the high costs for 
the second action level were never reached, but the first  action level appears to be 
economically justified under this future; there are also high restoration damages that are 
prevented under this future.  For this future, the present worth annualized detour damages that 
would be prevented were computed at $212,900.   

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the rail line were -$2,135,100, and the BCR was 0.22, indicating that this 
strategy was not economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $384,600. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for Canadian Pacific Railroad, the Infrastructure Protection 
Study analysis also provided relevant economic indices for the first  raise of the rail line.  The 
annual net benefits for this approach were less than zero (-$654,500).  The BCR for this approach 
was less than one (0.54).  These results show that this strategy is not economically justified.  The 
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present worth annualized detour damages that would be prevented by this strategy were computed 
to be $212,700. The stochastic results are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  Raising the rail line was also analyzed under 
each of three specific climate futures.  For Canadian Pacific Railroad, the economic indices for 
each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the rail 
line were -$1,193,600, and the BCR was 0.16, indicating that this strategy was not 
economically justified.  No restoration damages are listed under this scenario, indicating that 
the water level never recedes below the first  action level.  For this future, the present worth 
annualized detour damages that would be prevented were computed at $219,700. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of raising the rail line were $272,500, and the BCR was 1.19.  The positive net 
benefits reflect that the first action level appears to be economically justified under this 
future; there are also high restoration damages that are prevented under this future.  For this 
future, the present worth annualized detour damages that would be prevented were computed 
at $212,900. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the rail line were -$1,028,700, and the BCR was 0.27, indicating that this 
strategy was not economically justified.  No restoration damages are listed under this 
scenario; the lake level exceeds the second action level, and restoration damages would be a 
function of the subsequent action levels1.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $384,600. 

 

                                                 
1 For analysis of the first action level, it was assumed that restoration damages would be attributable to the first 
action level only if the lake level never reached the subsequent action levels.   See Section 3.2.2.1 for further 
discussion of this assumption. 
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DAMAGES

Annual Detour 
Damages

Damage Value 
(THOUSANDS)

Impacted Railroad 
Length (FEET)

Damage Value 
(THOUSANDS)

$533 25,000 $8,586
$533 26,000 $8,807
$533 27,000 $9,028
$533 28,510 $9,362
$533 28,510 $9,362
$533 29,730 $9,632
$533 31,730 $10,074
$533 33,060 $10,368
$533 36,490 $11,126
$533 37,610 $11,373
$533 38,620 $11,596
$533 39,560 $11,804
$533 40,410 $11,992
$533 41,260 $12,180
$533 42,040 $12,352
$533 47,560 $13,572
$533 49,630 $14,030
$533 50,920 $14,315
$533 53,240 $14,827

DAMAGE BREAKDOWN

Quantity Units Unit Value
Cost (THOUSANDS)

Detour Damages 1 LS $533 $533
$533

Item Unit Cost Contingency Value per LF of Railroad
Excavation/Rail 
Removal

1.35 CY/LF $7.41 30% $13.00

Install New Rail 1.00 LF $160.00 30% $208.00

$221

Item Unit Cost Contingency Total Value for Railroad
Riprap 1.89 CY/LF $40.00 30% $2,801,963

Geotextile Fabric 3.5 SY/LF $2.00 30% $259,441

$3,061,404Total

Description Quantity per LF of Railroad
Place riprap from road surface elevation to 
bottom of embankment replacement for 
For use under riprap restoration

Description Quantity per LF of Railroad
Removal of existing rail, ballast, and 
subballast
Install new rails, ballast, subballast, and 
ties

Total

Restoration Damages

1450

Annual Detour 
Damages

1452
1453
1454

1451

Total

Description

Table 4.10-1

Flood Damages
Feature 10: Canadian Pacific Railroad

Restoration Damages

Lake Elevation (MSL)

Devils Lake Infrastructure Protection Study

1463

1447
1448
1449

1464
1465

1461

1455
1456
1457
1458
1459
1460

1462
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(1)

Incremental Raise at AL1
(THOUSANDS)

$23,234

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Rail Raise Raise Rail to Elevation 1458

Performance/Payment Bond 1 JB $129,731 10% $143
Fill Material 305,700 CY $5.00 50% $2,293
Riprap 129,000 CY $40 40% $7,224
Crossings (concrete structure) 3 EA $32,000 30% $125
Vehicle Crossing Signals (gated) 1 EA $140,000 30% $182
Culverts 2 EA $25,000 50% $75
Track Installation 39,070 LF $170 30% $8,634
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 12 EA $1,000 50% $18
Environmental Impacts
Mitigation 1 LS $30
HTRW 1 LS $1
Cultural Resources Investigation 1 LS $36

$18,761
Engineering and Design 15% $2,814
Supervision and Administration 8% $1,501
Real Estate Acquisition for ROW 1 LS $158

$23,234

ANNUAL OPERATION AND MAINTENANCE COSTS

Rail Maintenance Costs
(THOUSANDS)

$93

AL1

Description

Table 4.10-2a

Flood Protection Costs 
Feature 10: Canadian Pacific Railroad

Action Level

Devils Lake Infrastructure Protection Study

R(1)

AL1

Subtotal

Total Rail Raise

Action Level
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(2)

Incremental Raise at AL2
(THOUSANDS)

$44,027

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Rail Raise Raise Rail from 1458 to Elevation 1467

Performance/Payment Bond 1 JB $247,179 10% $272
Fill Material 928,700 CY $5.00 50% $6,965
Riprap 303,500 CY $40 40% $16,996
Crossings (concrete structure) 3 EA $32,000 30% $125
Vehicle Crossing Signals (gated) 1 EA $140,000 30% $182
Culverts 2 EA $25,000 50% $75
Track Installation 49,630 LF $170 30% $10,968
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 4 EA $1,000 50% $6
Environmental Impacts
Mitigation 1 LS $39
HTRW 1 LS $0
Cultural Resources Investigation 1 LS $0

$35,628
Engineering and Design 15% $5,344
Supervision and Administration 8% $2,850
Real Estate Acquisition for ROW 1 LS $204

$44,027

ANNUAL OPERATION AND MAINTENANCE COSTS

Rail Maintenance Costs
(THOUSANDS)

$177AL2

Subtotal

Total Rail Raise

Action Level

AL2

Description

Table 4.10-2b

Flood Protection Costs 
Feature 10: Canadian Pacific Railroad

Action Level

Devils Lake Infrastructure Protection Study

R(2)
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Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $571,600 $212,700 $784,300 $0 $0 --

R(3) 3 Incr. Rail Raises $1,708,600 $1,708,600 $0 $0 $0 $812,700 -$895,900 0.48

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $0 $219,700 $219,700 $0 $0 --

R(3) 3 Incr. Rail Raises $3,179,700 $3,179,700 $0 $0 $0 $533,000 -$2,646,700 0.17

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $1,472,900 $212,900 $1,685,800 $0 $0 --

R(3) 3 Incr. Rail Raises $1,413,300 $1,413,300 $0 $0 $0 $1,685,800 $272,500 1.19

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $135,000 $384,600 $519,600 $0 $0 --

R(3) 3 Incr. Rail Raises $2,725,500 $2,725,500 $0 $0 $0 $590,400 -$2,135,100 0.22

 
All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "Temporary Closure" strategy minus the total damages for the strategy implemented (E(S)).

Strategy

Wet Future Scenario (WF-9)
(Annual)

Moderate Future 1 Scenario (M1-4)
(Annual)

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy

COSTS DAMAGES

Strategy

COSTS DAMAGES

COSTS DAMAGES

Stochastic Analysis (ST-9)

COSTS DAMAGESStrategy
Mean Value over 10,000 Traces (Annual)

Table 4.10 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 10: Canadian Pacific Railroad
Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $541,200 $212,700 $753,900 $0 $0 --

R(1) 1 Incremental Rail Raise $1,408,400 $1,408,400 $0 $0 $0 $753,900 -$654,500 0.54

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $0 $219,700 $219,700 $0 $0 --

R(1) 1 Incremental Rail Raise $1,413,300 $1,413,300 $0 $0 $0 $219,700 -$1,193,600 0.16

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $1,472,900 $212,900 $1,685,800 $0 $0 --

R(1) 1 Incremental Rail Raise $1,413,300 $1,413,300 $0 $0 $0 $1,685,800 $272,500 1.19

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $0 $384,600 $384,600 $0 $0 --

R(1) 1 Incremental Rail Raise $1,413,300 $1,413,300 $0 $0 $0 $384,600 -$1,028,700 0.27

 
All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (E(S)).

Strategy

Wet Future Scenario (WF-9)
(Annual)

Moderate Future 1 Scenario (M1-4)
(Annual)

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy

COSTS DAMAGES

Strategy

COSTS DAMAGES

COSTS DAMAGES

Stochastic Analysis (ST-9)

COSTS DAMAGESStrategy
Mean Value over 10,000 Traces (Annual)

Table 4.10 - 3b

Economics Results:  First Action Level
Feature 10: Canadian Pacific Railroad
Devils Lake Infrastructure Protection Study
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Attachment to 4.10: 
Canadian Pacific Railroad Economic Analysis Assumptions 

A. General Assumptions 
1. The following assumptions were used in developing the 2002 costs for raising or restoring the 

Canadian Pacific Railroad.  The assumptions are based on two reports and discussions with 
representatives of the railroad.  The reports referenced include, “Technical Appendix; Economic 
Analysis of Devils Lake Alternatives,” by Barr Engineering, November 2001 and “Preliminary 
Evaluation of Joint Raise of BNSF Mainline Tracks and US Highway 2, in the Vicinity of Devils 
Lake, North Dakota,” by Barr Engineering, March 2002. 

2. Centerline profile was established using 2000 FEMA Lidar topography. 

3. Based on conversation with Greg Haug of Northern Plains Railroad, lessee of Canadian Pacific 
Railroad (CPR) tracks, CPR would not reroute rails to higher ground.  Rerouting the track would be 
extremely costly.  Even rebuilding a portion of the track within the railroad’s right-of-way has proven 
to be an expensive effort.  The railroad would likely raise the tracks to keep the line open as the lake 
level rises. 

4. It  was assumed that 4 feet of freeboard would be required for all railroads.  The assumed freeboard 
was based on the referenced March 2002 report.  

5. The railroad has been closed since 1998.  The current lake level (1447) is 3 feet below the lowest 
elevation of the tracks (1450); however, wave action has caused erosion damage along the non-
protected sides of the rail bed.  A portion of the railroad has failed, making the railroad too dangerous 
to use. 

6. The bridges along this railroad stretch have been removed and replaced with culverts according to 
Greg Haug of CPR. 

7. Olson Engineering (a consultant for CPR) previously estimated that raising 8.5 miles of this track to 
1460 would cost $20M dollars. 

B. Railroad Raise 
1. Based on conclusions reached in the referenced March 2002 report, it  would be cost prohibitive to 

raise a railroad in increments due to the down time necessary to raise the track.  Therefore, it  was 
assumed that the railroad would be raised to 1458 in one step rather than multiple raises. 

2. Side slopes for raises and repair of rail beds were assumed to be 2H:1V. 

3. Filter fabric will not be used under riprap for railroad raises. 
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4. Crest width was assumed to be 20’-0”. 

5. The cost to install rails (including removal of old rails, and placement of new rails, t ies, ballast, and 
subballast) was estimated to be $170 per lineal foot.  The Economic Analysis previously assumed the 
cost to be $135 per lineal foot.  This cost was increased to include $10 for removal of existing rails, 
$20 for subballast, and inflation. 

6. The cost for rail restoration was estimated to be $170 per lineal foot.  The cost assumes that after the 
rail is flooded and water recedes, the top 20 inches of the rail must be restored.  Restoring the top 
20 inches includes replacing the ballast, subballast, t ies and rail. 

7. The cost for fill material is $5 per cubic yard based on available data for this area. 

8. The cost of riprap material $40 per cubic yard based on available data for this area. 

9. The costs for crossing raises, culverts, signals, and bridge raises obtained from Table D-1 of the 
referenced March 2002 report: 

•  Crossings (concrete structure): $20,000 each plus $11,800 for aggregate subbase is approximately 
$32,000 per crossing. 

•  Vehicle Crossing Signals (gated): Each $140,000. 

•  Culverts: For 5 culverts the total cost was $137,800 or approximately $27,560 per culvert.  
However, the cost varied greatly from $6,300 to $57,000 depending on type.  Thus, a slightly 
skewed average of $25,000 versus $27,560 was used for estimating purposes.  There is also a 
contingency used within the cost table. 

10. The annual maintenance cost for the railroad was assumed to be 0.5% of the construction costs. 

C. Detours 
1. The tracks between the City of Devils Lake and Harlowe were predominantly used for grain 

shipments.  Grain is now trucked to a BNSF line instead of being shipped by rail.  This increases 
shipment costs by approximately $480,000 per year (based on conversations with Greg Haug- 
Northern Plains Railroad, lessee of CPR tracks).  Mr. Haug recommended increasing the shipment 
costs provided in the Economic Analysis to account for inflation.  Therefore, it  was assume detour 
damages are $533,000. 
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4.11 Summary of Infrastructure Protection Investigation for 
Feature 11:  Burlington Northern Railroad (Along US Highway 2) 

4.11.0 Flood Protection Strategy 
The flood protection strategy that was analyzed for Burlington Northern Railroad (Along US 
Highway 2) was a raise to 1467.  

4.11.1 General Information  
Feature Type:  Rail Line 

Location:  Feature 11 is the portion of the Burlington Northern Railroad (along US Highway 2) 
from the City of Devils Lake northwest to Churchs Ferry.  The accompanying Figure 4.11-1 
shows the feature’s location and approximate extents, and the inundation extents at the three 
reference lake levels (1447, 1454, and 1463). 

Description:  The rail line was constructed on raised embankments.  Two concrete bridges are 
located along this stretch of rail.  One bridge is spans Channel “A” and a second bridge spans the 
Mauvais Coulee near Churchs Ferry.  

Significance:  The Burlington Northern Railroad (along US Highway 2) is important because the 
track is a transcontinental freight route that extends from the State of New York to the State of 
Washington (through Devils Lake).  Amtrak passenger routes use the track and many other 
companies use the track for shipping a variety of products across the country.  

Damages:  The flooding of the Burlington Northern Railroad (along US Highway 2) would result  
in the following damages: 

•  Restoration damages resulting from repairs that would be necessary to bring the rail line back 
to a useable condition after a period of inundation. 

•  Alternate shipping/detour damages when the rail line is closed. 

O wner/Sponsor:  The Burlington Northern and Sante Fe Railway Company (BNSF) is 
responsible for managing and maintaining Feature 11.  

Lead Federal Agency:  The Corps of Engineers would most likely take the lead for the 
Burlington Northern Railroad (along US Highway 2) for any flood protection work that may take 
place. 
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4.11.2 Feature Protection 
History of Flood Protection:  Flood protection for the Burlington Northern Railroad (along US 
Highway 2) between Devils Lake and Churchs Ferry consisted of a track raise in the vicinity of 
the Mauvais Coulee near Churchs Ferry.  BNSF raised the track up 3 feet at various reaches of 
the track to maintain the track at 1456 or higher.  

General Protection Strategy:  The Infrastructure Protection Study’s analysis for the Burlington 
Northern Railroad (along US Highway 2) considered one flood protection strategy.  That flood 
protection strategy was the only strategy that was feasible both from an economic and a 
constructability standpoint.  The strategy involved raising the rail line to 1467.  This would allow 
for a maximum lake elevation of 1463 with 4 feet of freeboard.  Incremental raises of this rail line 
were not feasible due to the high cost of raising the two bridges and the impacts of repeated 
closures of this line. 

Protection Strategy by Lake Level:  Figure 4.11-2 shows the decision tree for Burlington 
Northern Railroad (along US Highway 2).  As shown on Figure 4.11-2, the stepwise approach to 
flood protection for Burlington Northern Railroad (along US Highway 2) consists of the 
following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the rail line would be 
raised to 1467, or whether the rail line would be temporarily abandoned. 

The pertinent reference elevations for the flood protection strategy are given below: 

Reference Elevations for Rail Raise  (AL1) 
Elevation Name Significance 

1456 Low Structure Elevation Low point on top of rail line 
1452 Lake Damage Elevation Lake elevation at which rail line 

becomes unusable (assume 4-foot 
freeboard) 

1452 Project Completion Elevation Lake elevation at which rail line raise 
construction must be complete 

1452 Construction Initiation Elevation Lake elevation at which rail line raise 
construction must begin 

1450 Planning and Design Initiation Elevation Lake elevation at which planning and 
design process must begin 
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4.11.3 Design Considerations   

4.11.3.0 General Design  

Alignment & Profile 

Figure 4.11-1 shows the alignment of the existing Burlington Northern Railroad (along 
US High way 2).  The raised railroad will follow the same alignment.  The overall length 
of this segment of the railroad is approximately 28 miles, with approximately 19 miles of 
the railroad to be raised.  The current low rail elevation is 1456.  Figure 4.11-4 shows the 
existing rail profile and raised rail profile. 

Cross-section 

Figure 4.11-3 shows a typical cross-section of the proposed railroad raise.  The raise will 
be accomplished by removing the existing rails, placing compacted embankment fill over 
the existing rail centerline, placing riprap on both slopes, and installing ballast, 
subballast, t ies and rails.  The embankment crest will be 16 feet wide with 2H:1V side 
slopes. 

Materials 

It was assumed that the fill would be constructed from readily available native soils that 
are suitable for use as compacted embankment fill.  The ballast and subballast would be 
constructed using commercially available coarse aggregates suitable for rail line 
embankment construction.  The riprap would be constructed from commercially available 
stones of appropriate size for erosion protection as described below. 

Erosion Protection 

It was assumed that riprap would be placed on both slopes of the raised rail embankment.  
The riprap is to be placed directly over the compacted fill material along the entire length 
of the slope from the crest down to the natural ground surface.  No topsoil or seeding was 
assumed for the raised rail. 

Riprap sizing and thickness was determined using COE methods and the COE Shore 
Protection Manual, with wave height calculated from the report t it led, Devils Lake, North 
Dakota, Wind-Induced Impacts to Water Elevations, COE, 1998 revised edition.  A 
summary of the riprap design, based on fetch, depth of water, and the side slope, follows: 

Wind-Induced 
Wave Height (ft.) 

Additional 
Freeboard (ft.) 

Riprap size  
(D50) 

Riprap Thickness 
(ft.) 

4.9 1.0 66 inches 8.4 
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The riprap analysis appears to overestimate the size, based on typical rail line details.  
Discussions with BNSF staff and the report Preliminary Evaluation of Joint Raise of 
BNSF Mainline Tracks and US Highway 2 in the Vicinity of Devils Lake, North Dakota 
(Barr, March 2002), indicate a 4-foot freeboard and a 2-foot thickness of riprap is 
appropriate.  It  was recognized that some wave run-up or splashing along the top of the 
rail line would be acceptable.  Therefore, based on the referenced report (Barr, March 
2002), the following parameters were assumed to provide erosion protection for the 
typical rail line cross-section: 

Freeboard (ft.) Riprap size  (D50) 
Riprap Thickness 

(ft.) 
4.0 16 inches 2 

 
Construction Considerations 

It was assumed that construction would take place under dry conditions where possible.  
Several miles of the track are currently being affected by wave action (although the tracks 
are not submerged) and construction may need to be completed in partially wet 
conditions in these areas.  Staging for the work would be within the 15-foot buffer zone 
from the toe slopes assumed for easements and would progress from one end along the 
length of the track or from both ends and working towards the center.  Crossings and 
culverts would be raised or extended as necessary prior to raising the track adjacent to 
these facilit ies and bridges would be raised independently from other work and be 
completed in the early stages of construction.  It is assumed that construction would be 
completed with the necessary effort to complete in one season, as extended closures are 
extremely costly and Burlington Northern expressed their desire that all work be 
completed in one year. 

4.11.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits and associated beach deposits from both current lakes and prehistoric lakes 
Cando and Minnewaukan are also present in the Devils Lake basin.  All the glacial 
deposits in this area belong to formations of the Coleharbor Group. 

The proposed improvement sections for the Burlington Northern Railroad (along 
Highway 2) are underlain by bouldery clay till in a low-relief stagnation moraine of the 
Coleharbor Group.  The till is generally composed of silty clay with sand, pebbles, 
cobbles, and boulders.  This till deposit  is yellowish brown in the oxidized zone in the 
uppermost 10 to 25 feet near the ground surface, and olive gray at depth.  The glacial 
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deposits range from about 70 to 150 feet in thickness.  Boring logs (from the County 
hydrogeologic report) and cross-section (from the County geologic report) indicate that 
some sand and gravel outwash units are likely present at depth.  The uppermost bedrock 
is Cretaceous Pierre Shale. 

As indicated principally by the soils map, thin layers of the silt  and clay facies lake bed 
deposits and sand beach deposits – both from past high stands of the lake (the southern 
portion of prehistoric Lake Cando) – may be present in the low areas from Station 0 to 
Station 7.  Some areas of the alignment (approximately from Station 7 to 22) have 
deposits associated with glacial pothole lakes and outwash deposits.  Currently flooded 
areas may also have accumulated recent lake sediments, typically in areas overlying 
prehistoric Lake Minnewaukan. 

As detailed in Figure 4.11-4, the proposed feature enhancements cross several soil types.  
The soil type descriptions are taken from the Soil Survey of Ramsey County (ref.), with a 
general description of each soil type’s properties regarding road construction, (applicable 
to railroad bed improvement and levee construction).  In the descriptions, “Slight” means 
soil properties and site characteristics are generally favorable for this use.  “Severe” 
means special design may be required.  Wetness and flooding are a given, since much of 
the area is currently inundated.  Generally, soils belong to one of the following groups: 

•  Till – typically ML and CL to CL-ML loams.  Typically these deposits are described 
as “Slight to “Moderate”, primarily based on low strength and frost action.  As such 
they usually are acceptable subgrade materials.  In some localized areas the soil 
materials are described as “Severe” alternately due to low strength, frost action, 
shrink-swell, flooding and wetness and may need soil correction measures.  The 
majority of deposits underlying the alignment are till. 

•  Lake deposits – typically clay and silt  loams, ML and CL to CL-ML with CH and 
organic clay OL areas.  All of these lake deposits are generally described as “Severe” 
based on low strength, frost action, shrink-sell and wetness.  Lake deposit  materials 
typically require soil correction efforts.  Lake bed deposits underlie slightly 
approximately 48% of the alignments.  

•  Beach deposits or Outwash– typically sand and sandy loams, SP, SM-SP and SM 
with some quite gravelly areas (GM and GP-GM).  These deposits are typically 
described as “Good” to “Slight” with frost action and wetness cited as concerns.  
These materials typically are suitable subgrade materials for road construction. 



P:\34\36\020\2002-11 4.11-6 

•  Esker/Kame deposits– These deposits are similar in description to beach and outwash 
deposits but are typically much more coarse sand and gravelly with boulders and 
cobbles.   

Characterizing the planned improvement portions of the alignment will require 65 soil 
borings.   

4.11.3.2 Hydrology/Interior Drainage issues 

It is assumed that the existing culverts will be maintained or extended through the raised 
railroad embankment and bridges raised to allow for water level equalization on both 
sides of the railroad.  Any existing culverts will be extended as necessary to extend 
through the new embankment.  Therefore, hydrology and drainage are not a concern for 
this feature other than maintaining the proper sizes to maintain flows at the Mauvais 
Coulee crossing and Channel “A” crossing. 

4.11.3.3 Real Estate Requirements 

•  Right-of-way requirements for the railroad raise are assumed to extend 15 feet 
beyond each toe of the raised embankment.  The 15-foot buffer will provide 
sufficient room for temporary construction activities and long-term maintenance 
needs. 

•  A 16-inch crude oil pipeline, owned and operated by Enbridge Pipeline North 
Dakota, runs parallel to and along the south side of the railroad mainline track.  The 
pipeline is located on railroad rights-of-way.  See section: Effects on Existing 
Infrastructure and Utilities. 

•  A telephone conversation with Mark Gjevre, BNSF, indicated that BNSF’s existing 
right-of-way along the railroad varies between 75 and 400 feet . 

4.11.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses, surrounding the Burlington Northern Railroad, appear to be 
predominantly agricultural with scattered rural residences and farms between towns.  The 
railroad crosses through four towns: Churchs Ferry, Penn, Grand Harbor, and the City of 
Devils Lake.  These towns appear to be have mixed residential, commercial, and 
industrial uses.  Land use along the rail line outside of the towns does not appear to have 
changed significantly since the 1950s for the entire extent and since the 1930s for the 
area from Penn to the City of Devils Lake.  One exception is that the town of Grand 
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Harbor had significantly decreased in size from the early 1930s to the 1950s.  In addition, 
the City of Devils Lake has increased in size since the 1950s. 

Regulatory record reviews for zip codes 58346, 58325, 58362 and 58301 were obtained 
from FirstSearch on October 15, 2002.  All of the sites listed in zip codes 58346 appear to 
be near the town of Leeds.  One UST facility was listed in Churchs Ferry (58325) and 
one was listed in Penn (58362).  The locations of these facilit ies are probably on US 
Highway 2, but the exact locations were not identified from the available data.  Of the 7 
facilit ies listed as located on US Highway 2 without an address one is a RCRA small 
quantity generator, four facilit ies have USTs, and two facilit ies are listed as LUSTs of 
which one is closed.  The United Parcel Facility is listed as a RCRA generator, and a 
closed UST and LUST site.  It is unlikely that any of the sites are within the footprint of 
the impact area.  

Fourteen potential HTRW sites identified along the railroad alignment are listed below 
and shown on Figure 4.11.1:   

HTRW Site  Costs 

Site # 

Action 
Level 

Affected HTRW Category 
HTRW 
Costs 

1-11-1 1 Pipeline Crossings  $8,500  
11-1-2 1 Pipeline Crossings  $8,500  
11-1-3 1 Nonresidential Properties  $9,000  
11-1-4 1 Nonresidential Properties  $9,000  
11-1-5 1 Artificial Pond  $9,000  
11-1-6 1 Railroad Related Land Uses  $500  
11-1-7 1 Nonresidential Properties  $9,000  
11-1-8 1 Nonresidential Properties  $9,000  
11-1-9 1 Nonresidential Properties  $9,000  
11-1-10 1 Nonresidential Properties  $500  
11-1-11 1 Rural Residences & Farmsteads  $1,500  
11-1-12 1 Railroad Related Land Uses  $500  
11-1-13 1 Railroad Related Land Uses  $5,500  
11-1-14 1 Former Communities  $9,000  

 
A more detailed description of site history and a breakdown of costs are in Appendix C.  
A description of environmental concerns associated with these categories is in Section 
4.0. 
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Cultural 

This project has the potential to affect 46 known sites and four site leads/isolated finds as 
shown on Figure 4.11-1.  Forty-one of the known sites (32RY0101, 32RY0108-
32RY0112, 32RY0152-32RY0186) are architectural properties in the city of Churchs 
Ferry.  For six of these properties, including Penn Gymnasium (32RY0101), Immaculate 
Conception Church (32RY0108), Zion Lutheran Church (32RY0109), Methodist Church 
(32RY0110), City Hall (32RY0111), and Auditorium (32RY0112), a recommendation of 
eligibility has not been made.  Twenty-three of these properties were recommended as 
eligible for listing on the NRHP, including the school (32RY0152), Charles and Jessie 
Diem House (32RY0153), school/Modern Woodmen of America building (32RY0155), 
Christ Braaten House (32RY0156), John Thomson House (32RY0157), Adolph Wellen 
House (32RY0159), Chester Whitney House (32RY0160), Joseph Nichol House 
(32RY0161), James and Cynthia McCormick House (32RY0162), Emma and John 
Solberg House (32RY0163), Dr. Anton Flath House (32RY0165), Lewis and Ellen Bond 
House (32RY0170), John Overland House (32RY0176), Farmers Home (32RY0178), 
Methodist Episcopal Parsonage (32RY0179), Ole Moe House (32RY0180), Thomas 
Hillerman House (32RY0181), Jacob Erickson House (32RY0182), Mary Mowbray and 
David Giles House (32RY0185), Zion Lutheran Parsonage (32RY0186), both Charles 
Studness Houses (32RY0175 and 32RY0183) and one John and Lena Anderson House 
(32RY0172).  Twelve properties, including an unnamed house (32RY0154), Albert 
Nelson House (32RY0158), Joseph Nichol/Charles Harding House (32RY0163), one 
John and Lena Anderson House (32RY0166), John Jacobson House (32RY0167), Robert 
Wynn House (32RY0168), Mary Barber Rental House (32RY0169), Nels Backstrom 
House (32RY0171), Henry Marcoe House (32RY0173), K. M. Nybo House (32RY0174), 
John Cashman House (32RY0177), and Wm Hausmann House (32RY0184), were 
recommended as not eligible for listing on the NRHP. 

In addition to the Churchs Ferry architectural properties, the Burlington Northern 
Railroad Bridge (32BE0044) and 32RY0364, which is listed as a grain storage, 
commercial feature in the 1997 database, are architectural properties that may be 
impacted by the Burlington Northern Railroad (Along US Highway 2) project.  The 
remaining three known sites that may fall within this project area are historical 
archaeological sites.  Sites 32RY0087 and 32RY0404 (Grand Harbor Townsite II) were 
identified through surface collection, but inconclusive recommendations of eligibility 
were drawn.  Site 32RY0190, a sparse scatter of ceramic, glass, and metal items, was 
surface collected, but no subsurface testing was conducted at the site.  The site was 
recommended as not eligible for listing on the NRHP based on a lack of subsurface 
cultural deposits (NDCRS Form, 32RY0190, on file at the SHSND).  However, because 
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the investigator did not conduct subsurface testing, it  is unclear how this determination 
was made.  Therefore, this site may require additional Phase I survey if it  is to be 
impacted by the Burlington Northern Railroad (Along US Highway 2) project. 

Two of the three site leads that may fall within this features area of potential effect are 
historical archaeological.  These include 32RYX0027 (Darby Station) and 32RYX0097.  
The third site lead, 32RYX0114, is a house that, according to the 1997 database, is 
associated with the historical context of “Colonization.”  A biface of Knife River Flint 
(32RYX0021) is the only isolated find within the possible area to date. 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 

Feature 11 Burlington Northern Railroad (Along US Highway 2):  Evaluation Status of 
Known Cultural Resources 

Resource Type 

Resources Listed 
on or Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  0 35 8 
Archaeological 0 0 3 
Architectural Site 
Leads/Isolated Finds 

0 0 1 

Archaeological Site 
Leads/Isolated Finds 

0 0 3 

Total 0 35 15 

 

The estimated cost to conduct Phase 1 Surveys for each of the 15 sites is presented in the 
following table.  The total cost for all surveys is $121,800.  As noted in Section 4.0, these 
costs are believed representative of the cultural resources investigations needed for the 
next stage of study.  (Note:  Many residents in Churchs Ferry were relocated by FEMA in 
2000.  Therefore, some of the structures listed for Phase I surveys may no longer exist.) 

Feature 11 Burlington Northern Railroad (Along US Highway 2):  Phase 1 
Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0044 Phase I Architectural $6,200 
32RY0101 Phase I Architectural $6,200 
32RY0108 Phase I Architectural $6,200 
32RY0109 Phase I Architectural $6,200 
32RY0110 Phase I Architectural $6,200 
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Feature 11 Burlington Northern Railroad (Along US Highway 2):  Phase 1 
Survey Costs 
Site Number Investigation Type Estimated Cost 
32RY0111 Phase I Architectural $6,200 
32RY0112 Phase I Architectural $6,200 
32RY0364 Phase I Architectural $6,200 
32RYX0114 Phase I Architectural $6,200 
32RY0087 Phase I Archaeological $8,000 
32RY0190 Phase I Archaeological $8,000 
32RY0404 Phase I Archaeological $14,000 
32RYX0021 Phase I Archaeological $8,000 
32RYX0027 Phase I Archaeological $14,000 
32RYX0097 Phase I Archaeological $14,000 

 
Environmental 

Fill used for the construction of the road raise and relocation could cause environmental 
impacts due to encroachment upon wetlands and upland plant communities.  The natural 
resources within the right-of-way of Burlington Northern Railroad (Along US 
Highway 2) include wetlands, oak forest/woodlands, and grasslands.  The acres of habitat 
impacted by land use category are shown on Figure 4.11-1.  Impact is expected for 2.45 
acres of wetland and an additional 0.03 acres of wetlands with easements from the 
proposed infrastructure protection measures.  Complete or partial loss of wetland 
functions and conversion to upland due to filling is possible in some locations.  In areas 
where some hydrology is maintained and wetland conditions remain, changes in plant 
community and hydrology could lead to a wetland type change.  The loss of wetland area 
would impact waterfowl, marsh bird and songbird-nesting areas, as well bring about 
impacts to reptile and amphibian populations due to habitat fragmentation.  These 
environmental impacts are more fully detailed in the general impacts discussion Section 
4.0.  This loss of wetland would require 4.93 acres of mitigation wetlands as set forth in 
the project mitigation policy developed through consultation with the Corps and FWS. 

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent revegetation of fill or borrow locations may allow for the introduction 
of weedy, non-native species.  A loss of native tree species due to grading and filling, as 
well as the introduction of weedy, non-native under-story species could also be expected 
in these areas.  These environmental impacts are more fully detailed in the general 
impacts discussion Section 4.0.  A total of 7.64 acres of oak forest/oak woodland with 
1.03 of those acres under easement, 15.27 acres of grasslands under easements, 107.25 
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acres of other grassland habitat and 1.73 acres of cover crop under easements would be 
impacted from the proposed infrastructure protection measures in this location.  The loss 
of woodland and grassland areas would impact songbird nesting and small mammal 
populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation and loss.  Mitigation activities would require the acquisition of 14.25 acres 
of oak forest/oak woodland, 229.27 acres of grasslands habitat and 1.73 acres of cover 
crop in like upland habitat areas for these impacts.  

4.11.3.5 Effects on Existing Infrastructure and Utilities 

The existing infrastructure and utilit ies affected by raising Feature 11 are road crossings, 
culverts, bridges, traffic control signals, and an oil pipeline.  These include:  

•  A total of 27 crossings along this reach, 17 public and 10 private.  Of the 27 
crossings, 16 crossings have a top-of-rail elevation lower than 1466.  The future need 
for each individual crossing depends in large part on the area covered by water with 
Devils Lake at higher levels.  Based on an assessment of the area covered by Devils 
Lake at an elevation of 1460, 11 of the crossings would likely be abandoned due to 
lack of need for the crossing. 

•  Five of the existing culverts would need to be extended through the new 
embankment. 

•  One mainline train traffic control signal would need to be raised. 

•  Two bridges would need to be raised. 

•  A 16-inch crude oil pipeline, owned and operated by Enbridge Pipeline North 
Dakota, runs parallel to and along the south side of the BNSF mainline track.  The 
pipeline is located on BNSF rights-of-way and according to the easement agreement 
between BNSF and Enbridge Pipeline, any modifications required to the pipeline to 
accommodate the operation of BNSF would be the responsibility of the Enbridge 
Pipeline. 

4.11.3.6 Interdependencies  

The protection of the Burlington Northern Railroad (along US Highway 2) is related to 
the protection of the following other features: 

•  Feature 1: Churchs Ferry – The rail line currently provides service to the grain 
elevator in Churchs Ferry 
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•  Feature 2: City of Devils Lake – Collection of grain in the City of Devils Lake may 
increase truck traffic in the city during any closures of this rail line 

•  Feature 13: US Highway 2 – Shipments of grain would increase truck traffic on US 
Highway 2 during any closures of this rail line 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.11.3.7 O&M 

Operation and maintenance requirements for the raised rail line would be similar to the 
unimpacted rail with respect to rails, t ies, and shoulder maintenance.  Additional 
maintenance requirements for the raised rail sections would include maintenance of the 
riprap on the slopes.  Annual maintenance costs for the riprap have been estimated at 0.5 
percent of the initial construction cost .  The O&M costs were not included in the 
economic analysis due to limitations of the Feature Analysis Model. 

4.11.3.8 Lead Time Required 

Planning and implementation of flood protection measures must begin well in advance of 
the time when lake water would actually be causing damage to the Burlington Northern 
Railroad (along Highway 2).  The amount of lead time will depend on the amount of time 
needed to plan and implement the flood protection measure.  For Burlington Northern 
Railroad (along Highway 2), estimates of required times for the raise are as follows: 

•  Time required for planning and design – A lead time of about 12 months would be 
necessary for final design, preparation of documents, and bidding 

•  Time required for construction – The raising of the Burlington Northern Railroad 
(along US Highway 2) could be completed in one construction season 

•  The total t ime between initiation of final design and completion of construction 
would be in the range of 18 to 24 months 

Lead time estimates were used along with the Corps-provided probability-based 
projection of the rate of rise of Devils Lake to produce the tables of critical lake levels 
presented in Section 4.0. 

4.11.3.9 Potential Problems and Risks 

The greatest risk associated with the raising of the Burlington Northern Railroad (along 
US High way 2) is the uncertainty with the rate of the lake level changes.  If the lake level 
rises faster than anticipated the lead time necessary to implement the raise may be 
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inadequate, requiring portions of the construction to be completed in wet conditions.  
Conversely, if the lake does not continue to rise or drops, the effort to implement the raise 
may be expended unnecessarily. 

4.11.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with raising the 
Burlington Northern Railroad (along US Highway 2): 

•  Locate above ground and buried utilit ies 

•  Coordinate with Enbridge Pipeline North Dakota regarding buried oil pipeline 

•  Perform soil borings, as necessary, prior to raising rail 

•  Locate and evaluate nearby cultural resources that were identified 

•  Review BNSF property holdings along the railroad and the proposed right-of-way 
requirements 

4.11.4 Economics of Flood Protection 
Damages:  For the Infrastructure Protection Study’s analysis, the flood damage estimates for the 
Burlington Northern Railroad (along US Highway 2) were reassessed in order to update and more 
accurately characterize the nature of the damages.  The updated damage computations for the 
Burlington Northern Railroad (along US Highway 2) are summarized in the accompanying Table 
4.11-1.  

The top portion of Table 4.11-1 gives a summary of the annual detour damages that would occur 
during the years when the rail line is flooded.  It also shows restoration damages that can be 
expected if the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives costs for 
detour damages and cost per lineal foot of railroad for restoration damages.  The restoration units 
include excavation and rail removal per lineal foot and installation of new rail per lineal foot.  
Restoration damages are assumed necessary when water reaches the rail elevation and then 
recedes. 

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  A list  of assumptions regarding the damage computations, data sources, and other aspects 
of the economic analysis for the Burlington Northern Railroad (along US Highway 2) are listed in 
the Burlington Northern Railroad (along US Highway 2) Infrastructure Protection Study 
Assumptions listing, attached to this Section 4.11. 
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Costs:  The updated costs of providing flood protection for the Burlington Northern Railroad 
(along US Highway 2) are detailed in the accompanying Table 4.11-2 for the Burlington Northern 
Railroad.  Unit prices, data sources, and relevant assumptions are listed.  All costs are given in 
2002 dollars.  

The top portion of the table gives the cost of providing flood protection as presented in the 
Infrastructure Protection Study analysis.  The lower portion of the table provides a cost 
breakdown of the quantities and costs by line item: fill, riprap, crossings, gated crossings, bridge 
raise, culverts, mainline train traffic control signals, and track installation.  Also included in this 
portion of the table are geotechnical, environmental, engineering, and real estate right-of-way 
costs. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for the Burlington Northern Railroad (along US Highway 2) are 
listed in the Burlington Northern Railroad Assumptions listing, appended to this Section 4.11. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.11-2).  Contingencies for riprap, fill material, culverts, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices. 

4.11.5 Economic Results 
The flood protection strategy that was analyzed was one rail raise, which is highlighted on the 
decision tree (Figure 4.11-2).  The results of the Infrastructure Protection Study for Burlington 
Northern Railroad (along US Highway 2) are listed in Table 4.11-3. 

Stochastic Analysis Results:  Using the stochastic analysis along with the updated damage and 
cost estimates for Burlington Northern Railroad (along US Highway 2), the Infrastructure 
Protection Study analysis provided relevant economic indices for raising the rail line. The annual 
net benefits for this approach were less than zero (-$62,600).  The BCR for this approach was less 
than one (0.87).  These results show that this strategy is not economically justified. The present 
worth annualized detour damages that would be prevented by this strategy were computed to be 
$367,100. The stochastic results are averages over 10,000 traces. 

Results for Specific Scenarios:  Raising the rail line was also analyzed under each of three 
specific climate futures.  For Burlington Northern Railroad (along US Highway 2), the economic 
indices for each of the three climate futures are as follows: 
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•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the rail 
line were $1,060,300, and the BCR was 1.48, indicating that this strategy was economically 
justified.  The high net benefits indicate that this flood protection measure is economically 
justified when the high detour damages extend for long periods of time.  For this future, the 
present worth annualized detour damages that would be prevented were computed at 
$3,082,300. 

•  First Moderate Future – Under the first moderate future climate scenario, the lake level does 
not reach the first  damage level. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the rail line were -$584,100, and the BCR was 0.60, indicating that this 
strategy was not economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $671,300. 
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Figure 4.11-2

DECISION TREE
FEATURE 11: BURLINGTON NORTHERN RAILROAD

(Along U.S. Highway 2)
Devils Lake Infrastructure Protection Study







DAMAGES

Annual Detour 
Damages

Damage Value 
(THOUSANDS)

Impacted Railroad 
Length (FEET)

Damage Value 
(THOUSANDS)

$4,333 20,000 $7,414
$4,333 22,000 $7,856
$4,333 24,000 $8,298
$4,333 26,000 $8,740
$4,333 27,880 $9,155
$4,333 30,570 $9,750
$4,333 33,260 $10,344
$4,333 36,430 $11,045
$4,333 44,350 $12,795
$4,333 58,080 $15,829
$4,333 68,110 $18,046
$4,333 74,450 $19,447
$4,333 86,160 $22,035
$4,333 93,240 $23,600

DAMAGE BREAKDOWN

Quantity Units Unit Value
Cost (THOUSANDS)

BNSF - Grain Trains 1 LS $113,201 $113
BNSF - Merchandise Trains 1 LS $298,928 $299
AMTRACK 1 LS $3,494,500 $3,495

$3,907
$4,141
$4,333
$4,333

Item Unit Cost Contingency Value per LF of Railroad
Excavation/Rail 
Removal

1.35 CY/LF $7.41 30% $13.00

Install New Rail 1.00 LF $160.00 30% $208.00

$221

Item Unit Cost Contingency Total Value for Railroad
Riprap 1.89 CY/LF $40.00 30% $2,740,046

Geotextile Fabric 3.5 SY/LF $2.00 30% $253,708

$2,993,754

Restoration Damages

Total

Description Quantity per LF of Railroad
Place riprap from rail surface elevation to 
bottom of embankment replacement for 
For use under riprap restoration

Total

Description Quantity per LF of Railroad
Removal of existing rail, ballast, and 
subballast

2002 Total (add inflation)
Total

1461
1462
1463

Annual Detour 
Damages

Subtotal

Description

1464
1465

Install new rails, ballast, subballast, and 
ties

1453
1454
1455

1460

1457
1458
1459

2001 Total

1456

1452

Table 4.11-1

Flood Damages
Feature 11: Burlington Northern Railroad (Along US Highway 2)

Restoration Damages

Devils Lake Infrastructure Protection Study

Lake Elevation (MSL)
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(1)

Maximum Raise at AL1
(THOUSANDS)

$48,583

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Rail Raise Raise Rail to Elevation 1467

Performance/Payment Bond 1 JB $268,770 10% $296
Fill Material 518,700 CY $5.00 50% $3,890
Riprap 182,200 CY $40 40% $10,203
Crossings (concrete structure) 5 EA $32,000 30% $208
Vehicle Crossing Signals (gated) 0 EA $140,000 30% $0
Bridge Raise 2 EA $1,400,000 50% $4,200
Culverts 5 EA $25,000 50% $188
Mainline Train Traffic Control Signals 8 EA $20,000 30% $208
Track Installation 88,230 LF $170 30% $19,499
Geotechnical 
Slurry Wall 29,830 SF $6.00 50% $268
Borings 65 EA $1,000 50% $98
Environmental Impacts
Mitigation 1 LS $78
HTRW 1 LS $89
Cultural Resources Investigation 1 LS $122

$39,345
Engineering and Design 15% $5,902
Supervision and Administration 8% $3,148
Real Estate Acquisition for ROW 1 LS $188

$48,583

ANNUAL OPERATION AND MAINTENANCE COSTS

Rail Maintenance Costs
(THOUSANDS)

$192

AL1

Description

Table 4.11-2

Flood Protection Costs 
Feature 11: Burlington Northern Railroad (Along US Highway 2)

Action Level

Devils Lake Infrastructure Protection Study

R(1)

AL1

Subtotal

Total Rail Raise

Action Level
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Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $68,100 $367,100 $435,200 $0 $0 --

R(1) Rail Raise to 1468 $497,800 $497,800 $0 $0 $0 $435,200 -$62,600 0.87

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $173,400 $3,082,300 $3,255,700 $0 $0 --

R(1) Rail Raise to 1468 $2,195,400 $2,195,400 $0 $0 $0 $3,255,700 $1,060,300 1.48

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $0 $0 $0 --

R(1) Rail Raise to 1468 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit- Cost Ratio
Raise Total Restoration Detour Total To Strategy (Damages Prevented) To Strategy (BCR)

Designation Description A B = A C D E = C + D F = E(A) - E(S) * G = F - B I = F / B
A Temporary Closure During Floods at First Action Level $0 $0 $192,600 $671,300 $863,900 $0 $0 --

R(1) Rail Raise to 1468 $1,448,000 $1,448,000 $0 $0 $0 $863,900 -$584,100 0.60

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "Temporary Closure" strategy minus the total damages for the strategy implemented (E(S)).

Strategy

Wet Future Scenario (WF-9)
(Annual)

Moderate Future 1 Scenario (M1-4)
(Annual)

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy

COSTS DAMAGES

Strategy

COSTS DAMAGES

COSTS DAMAGES

COSTS DAMAGESStrategy
Mean Value over 10,000 Traces (Annual)

Table 4.11 - 3

Economics Results
Feature 11: Burlington Northern Railroad (Along US Highway 2)

Stochastic Analysis (ST-9)

Devils Lake Infrastructure Protection Study
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Attachment to 4.11: 
Burlington Northern Railroad (along US Highway 2): 
Economic Analysis Assumptions 

A. General Assumptions 
1. The following assumptions were used in developing the 2002 costs for raising or restoring the 

Burlington Northern Railroad (along US Highway 2).  The assumptions are based on two reports and 
discussions with representatives of the railroad.  The reports referenced include, “Technical 
Appendix; Economic Analysis of Devils Lake Alternatives,” by Barr Engineering, November 2001 
and “Preliminary Evaluation of Joint Raise of BNSF Mainline Tracks and US Highway 2, in the 
Vicinity of Devils Lake, North Dakota,” by Barr Engineering, March 2002. 

2. Centerline profile was established using 2000 FEMA Lidar topography. 

3. It  was assumed that 4 feet of freeboard would be required for all railroads.  The assumed freeboard 
was based on the referenced March 2002 report.  

4. Quantities for milepost 3.7 to 18.3 were obtained from the referenced March 2002 report.  The 
quantities were modified to account for an increased elevation from 1466 (March 2002 report) to 
1467 (Infrastructure Protection Study).  Quantities for milepost 21.7 to 26.5 were calculated based on 
the profile established using the 2000 FEMA Lidar topography. 

B. Railroad Raise 
1. Based on conclusions reached in the referenced March 2002 report, it  would be cost prohibitive to 

raise a railroad in increments due to the down time necessary to raise the track.  Therefore, it  was 
assumed that the railroad would be raised to 1467 in one step rather than multiple raises. 

2. Side slopes for raises and repair of rail beds were assumed to be 2H:1V. 

3. Filter fabric will not be used under riprap for railroad raises. 

4. Crest width was assumed to be 16’-0”. 

5. The cost to install rails (including removal of old rails, and placement of new rails, t ies, ballast, and 
subballast) was estimated to be $170 per lineal foot.  The Economic Analysis previously assumed the 
cost to be $135 per lineal foot.  This cost was increased to include $10 for removal of existing rails, 
$20 for subballast, and inflation. 

6. The cost for rail restoration was estimated to be $170 per lineal foot.  The cost assumes that after the 
rail is flooded and water recedes, the top 20 inches of the rail must be restored.  Restoring the top 
20 inches includes replacing the ballast, subballast, t ies and rail. 
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7. The cost for fill material is $5 per cubic yard based on available data for this area. 

8. The cost of riprap material $40 per cubic yard based on available data for this area. 

9. The costs for crossing raises, culverts, signals, and bridge raises obtained from Table D-1 of the 
referenced March 2002 report: 

•  Crossings (concrete structure): $20,000 each plus $11,800 for aggregate subbase is approximately 
$32,000 per crossing. 

•  Vehicle Crossing Signals (gated): $140,000 

•  Mainline Train Traffic Control Signals: $20,000 

•  Culverts: For 5 culverts the total cost was $137,800 or approximately $27,560 per culvert.  
However, the cost varied greatly from $6,300 to $57,000 depending on type.  Thus, a slightly 
skewed average of $25,000 versus $27,560 was used for estimating purposes.  There is also a 
contingency used within the cost table. 

•  Bridges: two bridges were identified, the cost for Channel “A” Bridge was $1,674,960 and the 
cost for Mauvais Coulee Bridge was $1,125,000.  The cost for “Bridge Raise” was assumed to be 
the average cost of the two bridges: $1,400,000. 

10. The annual maintenance cost for the railroad was assumed to be 0.5% of the construction costs. 

C. Detours 
The estimated detour damages are based on the referenced Economic Analysis of Devils Lake 
Alternatives.  The damages have been adjusted for inflation.  The assumptions include: 

a. In general, the train traffic that runs through Devils Lake along U.S. Highway 2 consists of two 
Amtrak trains per day; two merchandise trains per day, six times per week (100 cars per train); 
and four grain trains per week (104 cars per train).  The merchandise and grain trains make stops 
in Devils Lake to pick up/drop off cargo and then continue on in the same direction. 

b. The detour costs for Amtrak trains were based on a conversation with Gary Erford, Produce Line 
Director, Amtrak.  If the rail line along U.S. Highway 2 were closed, Amtrak trains would be 
rerouted from Fargo, northwest to Minot (along Highway 52... hereafter called the lower track).  
Consequently, there would be no Amtrak service for Grand Forks, Devils Lake and Rugby. 

c. The lost service to the three cities for Amtrak was estimated to result  in approximately $100,000 
per year revenue to Amtrak.  Although bus service could be used to transport passengers from 
Grand Forks, Devils Lake, and Rugby to Minot or Fargo at a cost of $365,000 per year, it  was 
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assumed that service would be stopped to these three cities.  The updated value for lost train 
service is $106,000. 

d. The other Amtrak damage involved in abandoning the track along U.S. Highway 2 is the lost time 
due to congestion on the Fargo-Minot line (the lower track).  When Amtrak first switched over to 
the lower track during the 1997 floods, their trains had delays of 1 to 2 hours per trip.  However, 
after the fleeting was better organized, the delay was down to 30 minutes.  This is considered a 
better estimate of a typical Amtrak delay along this line.  This delay does not take into account 
those times that bad weather or mechanical failure cause extreme hold-ups along the line.  The 
cost associated with delay is $155 per minute, based on Amtrak computations.  This 30-minute 
delay at $155 per minute was assumed for this study, and incorporates passenger time, crew over 
time and fuel.  The updated cost associated with the delay is $164 per minute. 

e. Data for the grain and merchandise train detour costs are based on conversation with Doug 
Chapel, Train Master of North Dakota in Fargo—in charge of the Burlington Northern line 
between Minot and Grand Forks and with Chuck Wendt, Superintendent of Operations in Fargo. 

f. Doug Chapel stressed the issue of congestion on the would-be detour line from Fargo to Minot 
(the lower track).  Amtrak trains are on the upper Devils Lake line because of the difficulties of 
congestion on the lower line, not because Amtrak business is booming in Devils Lake.  Routing 
trains on the lower line would be more of a short-term fix rather than an easy solution to an 
abandoned track through Devils Lake. 

g. John Quiltey, the BNR Head of the Locomotive Engineers in Forth Worth, TX and Skip Trader, 
also of the BNR Fort Worth Office, were contacted regarding detour costs. 

h. The detour costs for merchandise and grain trains were based on fuel costs and crew overtime 
using Amtrak’s 30-minute delay and assuming the detoured trains travel at 70 mph.  An 
equivalent detour mileage for the time delay is then 35 miles. 

i. Fuel costs for 1997 of $0.684/gal were assumed, based on conversations with Mr. Skip Trader 
(BNSF Fort Worth).  Fuel efficiency is based on a Gross Ton Mile/Gal figure, at 711 ton mile/gal 
for 1997.  In other words, 711 gross tons (material plus car weight) were transported 1 mile using 
1 gallon of diesel fuel.  The updated fuel cost is $0.725/gal. 

j. The average capacity of grain and merchandise cars was obtained from the BNSF Railroad web 
site—an average agricultural car capacity of 134 gross tons and an average boxcar capacity of 
120 gross tons. 

k. The average crew required to operate a train was assumed to be three, plus one more person for 
switch operation.  Dennis Mead (BNSF Payroll) stated that the crew members get paid on a 
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mileage basis until a certain limit is reached.  After that, a lot of other add-ons occur and that no 
general assumptions could be made for the 30 additional minutes of crew delay time.  Therefore, 
the crew was assumed to be paid at an average hourly rate of $25/hr/person and that delays would 
be paid at 1.5 the normal rate.  The updated average hourly rate is $26.50/hr/person. 

l. The detour costs do not account for trucking of merchandise and grain to/from Devils Lake.  
However, if the track along U.S. Highway 2 is under water, the viability of commerce in Devils 
Lake is questionable and there may not be as great a need for merchandise and grain shipment 
to/from Devils Lake. 

m. The detour costs also do not address the possibility of additional delays that other existing trains 
would experience due to the additional traffic from the upper track.  However, five more trains 
per day on the lower track may not make much difference to the trains already there, especially if 
fleeting is well coordinated. 

n. Recent surveys (2001) indicate that this segment of the BNR has three signaling stations that 
would need to be replaced if the railroad is raised.  The replacement cost for the signaling 
network (i.e., all three signaling stations) is estimated to be $850,000.  The signaling network 
would need to be replaced for each incremental railroad raise. 

o. Recent surveys (2001) indicate that railroad raises would affect three road crossings.  The cost to 
rebuild each crossing is estimated to be $1,000 per track-foot and the typical track-foot length is 
30 feet; therefore, the total estimated rebuild cost would be $30,000.   

These assumptions equated to annual detour costs in 2001 as follows; BNSF Grain Train detour costs 
were $113,201 per year, BNSF Merchandise Train detour costs were $298,928 per year, and AMTRACK 
passenger detour costs were $3,494,500 per year.  These numbers were adjusted to 2002 dollars for 
inflation. 
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4.16 Summary of Infrastructure Protection Investigation for 
Feature 16:  US Highway 281 (South of US Highway 2) 

4.16.0 Flood Protection Strategy 
The flood protection strategy evaluated for US Highway 281 (South of US Highway 2) was 
realignment with a minimum road surface elevation of 1465.  The ND DOT has indicated that 
this strategy will most likely occur, so this Infrastructure Protection Study did not analyze various 
flood protection strategies to define the largest net benefits for US Highway 281 (South of US 
Highway 2). 

4.16.1 General Information  
Feature Type:  Road 

Location:  Feature 16 is the 25.5-mile portion of US Highway 281 extending from just south of 
its intersection with ND Highway 57 at the south end to its intersection with US Highway 2 near 
Churchs Ferry at the north end.  US Highway 281 (South of US Highway 2) passes through the 
City of Minnewaukan, and the Townships of Normania, Riggin, West Bay, Oberon, and Lallie in 
Benson County.  The accompanying Figure 4.16-1 shows the feature’s current and realigned 
locations and approximate extents, and the inundation extents at the three reference lake levels 
(1447, 1454, and 1463). 

Description:  US Highway 281 (South of US Highway 2) is a two-lane bituminous National 
Highway.  The entire highway route spans the United States from Canada to Texas.  It is 
classified as a principal arterial highway and National Highway System route.  Average daily 
traffic counts for this feature were 659 in 1994 and 946 in 2002.   

Significance:  This portion of US Highway 281 is important because it  is a major traffic route in 
the area, including the main route between Minnewaukan and Churchs Ferry.  It  is vital to serving 
local transportation, agricultural needs, and moving products through the area. 

Damages:  The flooding of Feature 16 would result  in the following damages: 

•  Detour damages resulting from the added travel t ime and miles traveled when US Highway 
281 (South of US Highway 2) is closed and traffic is detoured 

•  Restoration damages resulting from repairs that would be necessary to bring the highway 
back to a useable condition after a period of inundation 

O wner/Sponsor: The North Dakota Department of Transportation is responsible for managing 
and maintaining US Highway 281 (South of US Highway 2). 
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Lead Federal Agency:  The Federal Highway Administration would take the lead for US 
Highway 281 (South of US Highway 2) for any flood protection work that may take place. 

4.16.2 Feature Protection 
History of Flood Protection:  Flood protection for US Highway 281 (South of US Highway 2) 
has thus far consisted of road raises.  The most recent raise occurred in 2001, with 0.37 miles 
being raised to elevation 1452.  This segment is located 2 miles south of US Highway 2.  Other 
raises occurred in 1997 and 1998, raising a total of 9.2 miles of Highway to elevation 1452. 

General Protection Strategy:  The ND DOT is currently planning to realign US Highway 281 
(South of US Highway 2) to provide protection to this feature up to lake level 1463.  The 
realignment will place most of US Highway 281 (South of US Highway 2) outside of the 
maximum flood extents of the lake.  In the areas where the existing ground is below 1465, the 
highway will be constructed to a minimum elevation of 1465. 

Protection Strategy by Lake Level:  Figure 4.16-2 shows the decision tree for US Highway 281 
(South of US Highway 2).  As shown on Figure 4.16-2, the only approach to flood protection for 
US High way 281 (South of US Highway 2) consists of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the road would be 
relocated or whether the road would be temporarily abandoned. 

The intent of the ND DOT is to construct the planned road realignment to prevent any future 
problems with the rising lake. Therefore, the incremental protection strategy of road raises was 
not analyzed in the Infrastructure Protection Study.  The reference elevation that the ND DOT 
will use, if any, to implement the planned realignment is not known. 

The Infrastructure Protection Study analysis considered the flood protection strategy, relocating 
the road.  The pertinent reference elevations for implementing this flood protection strategy based 
on the wave height are given below: 

Reference Elevations for Relocation (AL1) 
Elevation Name Significance 

1452 Low Structure Elevation Low point on top of road surface (existing 
alignment) 

Current Lake Damage Elevation Lake elevation at which road becomes 
unusable due to wave action 

Current Project Completion Elevation Lake elevation at which road relocation 
construction must be complete 
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Reference Elevations for Relocation (AL1) 
Elevation Name Significance 
Current Construction Initiation Elevation Lake elevation at which road relocation 

construction must begin 
Current Planning and Design Initiation 

Elevation 
Lake elevation at which planning and 
design process must begin 

 
This relocation protection will be sufficient up to the maximum lake level (1463). 

4.16.3 Design Considerations   

4.16.3.0 General Design  

This section summarizes the preliminary design information provided by NDDOT and its 
consulting engineers, Kadrmas, Lee, and Jackson.  This information is preliminary, but 
after discussions with the ND DOT, Kadrmas, Lee, and Jackson, and the federal 
transportation board, this is the option most likely to be completed.  The maximum wind-
induced wave height along the current alignment of this feature based on fetch, depth of 
water, and the side slope was calculated to be approximately 5 feet above lake elevation.  
This wave height is used to compute the lake elevation at which damage will occur to the 
roadway due to wave action, which is below the current lake elevation.  A temporary 
riprap berm was constructed along the lake side to protect the road from wave action. 

Alignment 

Figure 4.16-1 shows the alignment of the existing US Highway 281 (South of US 
Highway 2) and the realignment of US Highway 281 (South of US Highway 2).  The 
realigned roadway, starting at US Highway 2, will follow a route due south at a distance 
of 3 miles to the west of the existing alignment, for 12.8 miles.  The realigned route will 
then angle southeast past Minnewaukan for 3.8 miles, then due south for 1.5 miles, and 
finally southeast for 2 miles where it  will connect back with the existing alignment.  The 
length of US Highway 281 (South of US Highway 2) being considered is approximately 
30 miles.  Figure 4.16-4 shows the realigned road profile. 

With the realignment of US Highway 281(South of US Highway 2), ND Highway 19 
would need to be extended to the west to meet US Highway 281 (South of US Highway 
2) as it  currently does.  This extension of ND Highway 19 was included in the cost 
analysis for the realignment of US Highway 281 (South of US Highway 2).  ND 
Highway 19 would be extended approximately 3 miles to the west of its current 
intersection with US Highway 281 to meet the realigned roadway. 
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Cross-section 

Figure 4.16-3 shows a typical cross-section of the proposed road.  This section is based 
on US Highway 281 Typical Section from the Preliminary Construction Report for US 
Highway 281, prepared for the NDDOT by Kadrmas, Lee, and Jackson.  The road top 
width was assumed to be 64 feet.  Bituminous surfacing will be 40 feet in width, and will 
be 5 inches in depth.  The shoulder side slopes at 6H:1V on both the sides.  The minimum 
raised road elevation is assumed to be 1465 at the top of pavement.  This is being done so 
the road is protected up to lake elevation of 1463, and no further work will be required.  It  
was assumed that unsuitable fill foundation material, averaging 1 foot in depth, would be 
stripped along the realignment width.  

The typical cross-section for ND Highway 19 extension was taken from ND DOT project 
SER-3-019(016)138.  It  was assumed that the top of pavement would be constructed to 
1465.  The road top width was assumed to be 52 feet.  The shoulder side slopes were 
assumed to be 6H:1V for the first  10 feet, and then 3H:1V until the side slope meets the 
adjacent ground.   

Materials 

It was assumed that the roadway fill would be constructed from readily available native 
silty clay and clay loam.  These materials are suitable for road embankment construction.  
The aggregate surface course and bituminous surfacing will be constructed from 
commercially available material.   

Erosion Protection 

For US Highway 281 (South of US Highway 2), on both sides of the road, riprap was 
assumed to be placed over geotextile (no additional bedding material) only when the 
adjacent ground elevation was below 1463.  Riprap was placed over the slope length of 
the road.  Topsoil and seeding was assumed for the raised roadbed when riprap was not 
required. 

For ND Highway 19, riprap was assumed to be placed over geotextile (no additional 
bedding material) only when the road elevation was below 1455.  Riprap was assumed to 
be placed over the 3H:1V side slope.  Topsoil and seeding was assumed for 6H:1V side 
slope length. 

4.16.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits and associated beach deposits from both current lakes and prehistoric lakes 
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Cando and Minnewaukan are also present in the Devils Lake basin.  All the glacial 
deposits in this area belong to formations of the Coleharbor Group. 

The proposed improvement sections and re-route sections of US Highway 281 (South of 
US High way 2) are underlain by bouldery clay till in a low-relief stagnation moraine 
(specifically the boulder clay facies) of the Coleharbor Group.  The till is generally 
composed of silty clay with sand, pebbles, cobbles, and boulders.  This till deposit  is 
yellowish brown in the oxidized zone in the uppermost 10 to 25 feet near the ground 
surface, and olive gray at depth.  The glacial deposits range from about 80 to 200 feet in 
thickness.  Boring logs (from the County hydrogeologic report) and cross-section (from 
the County geologic report) indicate that some sand and gravel outwash units are likely 
present at depth.  In some areas, glacial deposits bury narrow pre-glacial bedrock valleys.  
The uppermost bedrock is Cretaceous Pierre Shale. 

As indicated principally by the soils map, thin layers of silt  and clay lakebed deposits are 
scattered across the entire alignment, associated with smaller glacial margin and glacial 
pothole lakes.  These deposits are typically found in topographic low areas.  Localized 
areas of very coarse, gravelly ice-contact deposits may be present associated with 
hummocky till and pothole lakes.  Mappable areas of associated beach, alluvium and 
outwash deposits are present primarily at Road Mile 7 through 9, Road Mile 12 through 
15 and Road Mile 17.5.  As noted, currently flooded areas may also have accumulated 
additional lake sediments. 

As detailed in Figures 4.16-4a and 4.16-4b, the proposed feature enhancements cross 
several soil types.  The soil type descriptions are taken from the Soil Survey of Benson 
County (ref.), with a general description of each soil type’s properties regarding road 
construction, (applicable to railroad bed improvement and levee construction).  In the 
descriptions, “Slight” means soil properties and site characteristics are generally 
favorable for this use.  “Severe” means special design may be required.  Generally, soils 
belong to one of the following groups: 

•  Till, typically ML and CL to CL-ML loams, underlie more than 90 percent of the 
alignment.  Typically these deposits are described as “Slight to “Moderate”, primarily 
based on low strength and frost action.  As such they usually are acceptable subgrade 
materials.  In some localized areas the soil materials are described as “Severe” 
alternately due to low strength, frost action, shrink-swell, flooding and wetness and 
may need soil correction measures. 

•  Lake deposits, typically clay and silt loams, ML and CL to CL-ML with CH and 
organic clay OL areas, underlie about 4 percent of the alignment.  All of these lake 
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deposits are generally described as “Severe” based on low strength, frost action, 
shrink-sell and wetness.  Lake deposit  materials typically require soil correction 
efforts.  

•  Beach deposits, alluvium, and outwash, typically sand and sandy loams, SP, SM-SP 
and SM with some quite gravelly areas (GM and GP-GM), underlie a small fraction 
of the alignment.  These deposits are typically described as “Good” to “Slight” with 
frost action and wetness cited as concerns.  These materials typically are suitable 
subgrade materials for road construction. 

Characterizing the planned improvement portions of the alignment will require 160 soil 
borings, based on a maximum spacing of one boring every 1,000 feet of road length.   

4.16.3.2 Hydrology/Interior Drainage issues 

It is assumed that culverts will be placed through the realigned roadway embankment to 
allow for drainage across the roadway.  New RCP culverts were assumed to have been 
placed through the roadway embankment at nine low spots along the road. 

4.16.3.3 Real Estate Requirements 

Right-of-way requirements for the road relocation are assumed to extend 15 feet beyond 
the toe on each side of the embankment.  The 15-foot buffer will provide sufficient room 
for temporary construction activities and long-term maintenance access. 

4.16.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses, surrounding US Highway 281 South (South of US Highway 2), appear 
to be predominantly agricultural with scattered rural residences and farms.  Land use does 
not appear to have changed significantly since the 1950s. 

Regulatory record reviews for zip codes 58346, 58320, 58351 and 58357 were obtained 
from FirstSearch between September 25, 2002 and October 15, 2002.  All of the sites 
listed in zip code 58346 appear to be in or near the town of Leeds, which is several miles 
from US Highway 281.  No regulated facilit ies were listed in the database search for zip 
code 58320, and no facilit ies listed in zip code area 58357 are located on Highway 281.  
Multiple properties are listed in zip code 58651, but most of the facilit ies are in the town 
of Minnewaukan.  One facility is listed as a closed leaking UST site with a closed UST at 
Grady’s Auto Service.  The address for this facility is Highway 281 North.  If Grady’s 
Auto Service is located within the impact area, it is not expected to be a REC since the 
site is closed.  
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Twelve potential HTRW sites identified along the feature alignment are listed below and 
shown on Figure 4.16-1:   

HTRW Site  Costs 

Site # 

Action 
Level 

Affected HTRW Category 
HTRW Costs 

16-1-1 1 Rural Residences & Farmsteads  $1,500  
16-1-2 1 Rural Residences & Farmsteads  $500  
16-1-3 1 Rural Residences & Farmsteads  $500  
16-1-4 1 Rural Residences & Farmsteads  $1,500  
16-1-5 1 Rural Residences & Farmsteads  $500  
16-1-6 1 Railroad Related Land-Uses  $5,500  
16-1-7 1 Railroad Related Land-Uses  $5,500  
16-1-8 1 Substation  $5,000  
16-1-9 1 Rural Residences & Farmsteads  $500  
16-1-10 1 Cylindrical Structures  $9,000  
16-1-11 1 Rural Residences & Farmsteads  $1,500  
16-1-12 1 Rural Residences & Farmsteads  $500  

The substation was identified in the Environmental Site Assessment Devils Lake Outlet, 
Benson County, North Dakota June 14, 2002.   

HRTW sites and associated costs for this feature have changed since the draft report due 
to the inclusion of additional historic information originally not available.  The initial 
HTRW cost of $14,500 determined for the final review report is still presented in the 
final cost estimate for this feature and was used in the economic model since the new 
HTRW cost of $32,000 shown in this table was not available when the model runs were 
conducted.  Even if included, this slight increase in cost will not affect the economic 
outcome or recommendations for this feature.  A more detailed description of site history 
and a breakdown of costs are in Appendix C.  A description of environmental concerns 
associated with these categories is in Section 4.0. 

Cultural 

This project has the potential to impact eight known sites and fifteen site leads/isolated 
finds as shown on Figure 4.16-1, which include the six known sites and 12 site leads that 
may be impacted by Feature 4: City of Minnewaukan discussed previously.  The 
remaining two known sites, 32BE0116 and 32BE0117, are historical archaeological in 
nature.  Site 32BE0116 is an artifact scatter that included 47 ceramic, glass, and metal 
items.  The site was recommended as not eligible for listing on the NRHP based on a lack 
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of structures and features; however, subsurface testing, which may have revealed 
foundations or other features, was not conducted.  This site, therefore, may require 
additional Phase I survey if it  is to be impacted by the US Highway 281 (South of US 
Highway 2) project.  Site 32BE0117 is an abandoned farmstead and associated scatter of 
over 1,000 artifacts.  This site was recommended as not eligible for listing on the NRHP 
because it  could not conclusively meet NRHP Criterion A, and it did not meet the 
remaining NRHP criteria. 

The two site leads not previously discussed in Feature 4, include two farmsteads, 
32BEX0135 and 32BEX0139, that could only be examined at a distance from the road, 
thus their age and potential eligibility could not be assessed.  A biface of Knife River 
Flint (32BEX0134) is the only isolated find within the possible area to date. 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 

Feature 16 US Highway 281 (South of US Highway 2): Evaluation Status of Known Cultural 
Resources 

Resource Type 

Resources Listed 
on or Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  2 2 1 
Archaeological 0 2 1 
Architectural Site 
Leads/Isolated Finds 

0 0 11 

Archaeological Site 
Leads/Isolated Finds 

0 0 4 

Total 2 4 17 

 

The estimated cost to conduct Phase 1 Surveys for each of the 17 sites is presented in the 
following table.  The total cost for all surveys is $115,600.  As noted in Section 4.0, these 
costs are believed representative of the cultural resources investigations needed for the 
next stage of study. 

Feature 16 US Highway 281 (South of US Highway 2):  Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0035 Phase I Architectural $6,200 
32BEX0017 Phase I Architectural $6,200 
32BEX0025 Phase I Architectural $6,200 
32BEX0041 Phase I Architectural $6,200 
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Feature 16 US Highway 281 (South of US Highway 2):  Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BEX0055 Phase I Architectural $6,200 
32BEX0066 Phase I Architectural $6,200 
32BEX0079 Phase I Architectural $6,200 
32BEX0104 Phase I Architectural $6,200 
32BEX0105 Phase I Architectural $6,200 
32BEX0106 Phase I Architectural $6,200 
32BEX0135 Phase I Architectural $6,200 
32BEX0139 Phase I Architectural $6,200 
32BE0116 Phase I Archaeological $8,000 
32BEX0039 Phase I Archaeological $14,000 
32BEX0040 Phase I Archaeological $14,000 
32BEX0042 Phase I Archaeological $14,000 
32BEX0134 Phase I Archaeological $8,000 

 

Environmental 

The natural resources within the right-of-way of Highway 281 (south of US Highway 2) 
include wetlands, oak forest/woodlands, and grasslands.  Fill used for the construction of 
the road raise and relocation could cause environmental impacts due to encroachment 
upon wetlands and upland plant communities.  The acres of habitat impacted by land use 
category are shown on Figure 4.16-1.  A total of 10.4 acres of wetland impacts are 
expected from the proposed infrastructure protection measures, with 1.61acres of those 
wetlands having easements on them.  Complete or partial loss of wetland functions and 
conversion to upland due to filling is possible in some locations.  In areas where some 
hydrology is maintained and wetland conditions remain, changes in plant community and 
hydrology could lead to a wetland type change.  These environmental impacts are more 
fully detailed in the general impacts discussion Section 4.0.  The loss of wetland area 
would impact waterfowl, marsh bird and songbird-nesting areas, as well bring about 
impacts to reptile and amphibian populations due to habitat loss and fragmentation.  This 
loss of wetland would require 19.21 acres of mitigation wetlands as set forth in the 
project mitigation policy developed through consultation with the Corps and FWS.   

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent revegetation of fill or borrow locations may allow for the introduction 
of weedy, non-native species.  A loss of native tree species due to grading and filling, as 
well as the introduction of weedy, non-native under-story species could also be expected 
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in these areas.  A total of 3.27 acres of oak forest/oak woodland with 1.03 of those acres 
under easement, 29.65 acres of grasslands under easements, 77.99 acres of other 
grassland habitat and 25.02 acres of cover crop under easements would be impacted from 
the proposed infrastructure protection measures in this location.  The loss of woodland 
areas would impact songbird nesting and small mammal populations, as well impacting 
reptile and amphibian populations due to habitat loss and fragmentation.  These 
environmental impacts are more fully detailed in the general impacts discussion Section 
4.0.  Mitigation activities would require the acquisition of 5.51 acres of oak forest/oak 
woodland, 185.63 acres of grasslands habitat and 25.02 acres of cover crop like upland 
habitat areas for these impacts.  

4.16.3.5 Effects on Existing Infrastructure and Utilities 

Utilit ies located along the existing right-of-way limits were assumed not to be impacted 
by the relocation.  With the exception of drainage culverts discussed above, no other 
infrastructure or utilit ies are expected to be impacted. 

4.16.3.6 Interdependencies 

The protection of US Highway 281 (South of US Highway 2) is related to the protection 
of several other features, as it  provides primary access to the region from the south.  The 
following features are functionally dependent on US Highway 281 (South of US 
Highway 2), and would be affected if it  were temporarily closed: 

•  Feature 1: Churchs Ferry 

•  Feature 2: City of Devils Lake 

•  Feature 3: Fort Totten 

•  Feature 4: City of Minnewaukan – The City of Minnewaukan is located along 
Feature 16.  The protection strategy chosen for either, particularly if the strategy 
involves relocation, will have an impact on the other feature. 

•  Feature 5: St. Michael 

•  Feature 6: Gilbert C. Grafton Military Reservation 

•  Feature 7: Graham’s Island State Park 

•  Feature 8: Rural Areas 
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If US Highway 281 (South of US Highway 2) were temporarily closed, the following 
roads would either experience increased traffic as a detour routes or decreased traffic as 
travel is routed to other roadways: 

•  Feature 13: US Highway 2 – The north end of Feature 16 is at its intersection of 
Feature 13 

•  Feature 14: ND Highway 57 (ND Highway 20 to BIA Highway 1) 

•  Feature 15: ND Highway 57 (BIA Highway 1 to US Highway 281)  

•  Feature 18: ND Highway 19 – Feature 18  

•  Feature 21: ND Highway 20 (North of the City of Devils Lake)  

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio)  

•  Feature 24: BIA Highway 6  

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.16.3.7 O&M 

Operation and maintenance requirements for the relocated roadway would be similar to 
the existing roadway with respect to road surface maintenance and shoulder and slope 
mowing.  The increase in O&M on the adjacent routes that are used as detours would be 
approximately equal to O&M on the temporarily closed road.  Annual maintenance costs 
for the riprap have been estimated at 0.5 percent of the initial construction cost.  The 
O&M costs were not included in the economic analysis due to limitations of the Feature 
Analysis Model. 

4.16.3.8 Lead Time Required 

The realignment of US Highway 281 (South of US Highway 2) would likely be 
completed in two construction seasons.  A lead time of about 18 to 24 months would be 
necessary for final design, preparation of construction documents and bidding.  Total 
t ime between initiation of final design and substantial completion of construction would 
be in the range of 3 to 4 years. 

4.16.3.9 Potential Problems and Risks 

Potential problems and risks associated with the road realignment include: 

•  New route will require purchase of land 
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4.16.3.10 Data deficiencies 

The following data should be collected or verified prior to proceeding with raising US 
Highway 281 (South of US Highway 2): 

•  Locations of utilit ies, if any 

•  Soil data along route of proposed road realignment 

•  Precise location and evaluation of nearby cultural resources 

4.16.4  Economics of Flood Protection 
Damages:  For US Highway 281 (South of US Highway 2), the damages resulting from flooding 
were estimated up to the maximum lake level (1463).  The damages were calculated for the 
existing roadway alignment.  The damage computations for US Highway 281 (South of US 
Highway 2) are summarized in the accompanying Table 4.16-1. 

The top portion of Table 4.16-1 gives a summary of the annual detour damages that would occur 
during the years when the highway was flooded.  It  also shows road restoration damages that can 
be expected when the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives quantities 
in terms of miles per year (of extra miles traveled as a result of detours) and hours per year (of 
additional travel t ime resulting from detours) for the detour damages.  Also shown are quantities 
and line-item damages for excavation, geotextile fabric, aggregate base course, fill, bituminous 
pavement, and riprap for road restoration work when waters recede. 

The unit prices for all the damage computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for US Highway 281 (South of US Highway 2) are listed in the 
Feature 16 Assumptions listing, appended to this Section 4.16. 

Costs:  The costs of providing flood protection for US Highway 281 (South of US Highway 2) 
are detailed in the accompanying Table 4.16-2.  Quantities and line-item totals are listed.   

The top portion of the table gives the estimated total cost of relocating this road.  The lower 
portion of the table gives a breakdown of the quantities and costs by line item. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for US Highway 281 (South of US Highway 2) are listed in the 
Feature 16 Assumptions listing, appended to this Section 4.16. 
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Kadrmas, Lee, and Jackson have also prepared a cost estimate for the realignment of US 
Highway 281 (South of US Highway 2), at  an estimated cost of approximately $30 million.  This 
number was obtained from SER-3-281(071)156 & SER-3-281(072)160 US Highway 281 Project 
Concept Report, July 2002.  The difference between their cost estimate and the cost estimate 
prepared for this study can be attributed to different contingency and unit price assumptions.  The 
estimated quantities for both were similar.   

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.16-2).  Contingencies for riprap, fill material, culverts, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices. 

4.16.5 Economic Results 
The flood protection strategy that was analyzed was relocation, which is highlighted on the 
decision tree (Figure 4.16-2).  The results of the Infrastructure Protection Study for US Highway 
281 (South of US Highway 2) are listed in Table 4.17-3.  Since there is only one action level for 
this feature, this table represents the results for both the first  action level and for all action levels. 

Stochastic Analysis Results:  Using the stochastic analysis along with the updated damage and 
cost estimates for US Highway 281 (South of US Highway 2), the Infrastructure Protection Study 
analysis provided relevant economic indices for relocating the road.  The annual net benefits for 
this approach were greater than zero ($315,600).  The BCR for this approach was greater than one 
(1.11), indicating that this strategy was economically justified.  The present worth annualized 
detour damages that would be prevented by this strategy were computed to be $2,503,100.  The 
stochastic results are averages over 10,000 traces. 

Results for Specific Scenarios:  Raising the road was also analyzed under each of three specific 
climate futures.  For US Highway 281 (South of US Highway 2), the economic indices for each 
of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the average net benefits of relocating the 
road were $2,733,000, and the BCR was 1.98, indicating that this strategy was economically 
justified.  No restoration damages are listed under this scenario, indicating that the water level 
never recedes below the first  action level.  For this future, the present worth annualized 
detour damages that would be prevented were computed at $5,533,000. 

•  First Moderate Future – Under the first moderate future climate scenario, the average net 
benefits of relocating the road were $965,200, and the BCR was 1.34, indicating that this 
strategy was economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $2,210,200. 
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•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of relocating the road were $2,076,200, and the BCR was 1.74, indicating that 
this strategy was economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $4,727,700. 
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Figure 4.16-2

DECISION TREE
FEATURE 16: U.S. HIGHWAY 281

(South of U.S. Highway 2)
Devils Lake Infrastructure Protection Study









DAMAGES

Annual Relocation 
Detour Damages

Annual Detour 
Damages

Damage Value 
(THOUSANDS)

Damage Value 
(THOUSANDS)

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

$1,671 $5,533 40,000 $9,141
$1,671 $5,533 41,000 $9,257
$1,671 $5,533 42,000 $9,373
$1,671 $5,533 45,580 $9,787
$1,671 $5,533 48,380 $10,111
$1,671 $5,533 50,680 $10,378
$1,671 $5,533 52,540 $10,593
$1,671 $5,533 54,540 $10,824
$1,671 $5,533 67,300 $12,302
$1,671 $5,533 69,900 $12,603
$1,671 $5,533 71,270 $12,761
$1,671 $5,533 72,820 $12,941
$1,671 $5,533 74,400 $13,124
$1,671 $5,533 82,860 $14,103
$1,671 $5,533 85,230 $14,378
$1,671 $5,533 86,630 $14,540
$1,671 $5,533 87,720 $14,666
$1,671 $5,533 88,500 $14,756
$1,671 $5,533 89,000 $14,814

DAMAGE BREAKDOWN

Description Quantity Unit Unit Cost Value
(THOUSANDS)

Hours/Year 211,940 HR $7.13 $1,511
Miles/Year 11,656,390 MILE $0.35 $4,021

$5,533
Description Quantity Unit Unit Cost Value

(THOUSANDS)
Hours/Year 64,025 HR $7.13 $456
Miles/Year 3,521,410 MILE $0.35 $1,215

$1,671

Item Unit Cost Contingency Value per LF of Road
Excavation 4.06 CY/LF $3.50 30% $18

Fill Material 2.69 CY/LF $5.00 30% $17
Geotextile Fabric 5.00 SY/LF $2.00 30% $13

Aggregate Base Course 0.92 CY/LF $20.00 30% $24

Bituminous 0.66 Tons/LF $50.00 30% $43
$116

Item Unit Cost Contingency Total Value for Road
Riprap 1.89 CY/LF $40.00 30% $4,127,760

Geotextile Fabric 3.5 SY/LF $2.00 30% $382,200
$4,509,960Total

Annual Relocation 
Detour Damages

Total

1449

1453

1455

Annual Detour 
Damages

1459
1460
1461

Description Quantity per LF of Road
Place riprap from road surface elevation to 
bottom of embankment replacement for 
lowest impacted roadway length
For use under riprap restoration

Place geotextile beneath new aggregate 
base
Replace 0.5' of subgrade and shoulders (3' 
X 0.5' ea. side)
Replace 0.5' of bituminous pavement

Total

Description Quantity per LF of Road
Removal of existing bituminous (24' X 
0.5'), existing shoulder (3' X 0.5' ea. side), 
existing aggregate base (41' X 0.5'), and 
top 1.5' of existing road embankment fill
Replace top 1.5' of roadway embankment

1447

1450
1451

Restoration 
Damages

1448

Table 4.16-1

Flood Damages
Feature 16: US Highway 281 (South of US Highway 2)

Restoration Damages

Lake Elevation 
(MSL)

Devils Lake Infrastructure Protection Study

Total

1452

1454

1465

1456
1457
1458

1464

1462
1463
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: Re (1)

Relocation at AL1
(THOUSANDS)

$46,031

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Road Performance/Payment Bond 1 JB $254,606 10% $280
Relocation Clearing and Grubbing 3.9 AC $3,000 30% $15

Stripping 538,700 CY $1.50 30% $1,050
Geotextile Fabric 57,800 SY $2.00 30% $150
Aggregate Base Course 249,900 CY $20 30% $6,497
Fill Material 2,643,300 CY $5.00 35% $17,842
Bedding 0 CY $35 30% $0
Riprap 25,000 CY $40 40% $1,400
Bituminous Pavement 135,400 TON $50 30% $8,801
Culverts 3,000 LF $50 50% $225
Topsoil 87,400 CY $2.50 30% $284
Seed 82.0 AC $1,000 30% $107
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 160 EA $1,000 50% $240
Environmental Impacts
Mitigation 1 LS $82
HTRW 1 LS $15
Cultural Resources Investigation 1 LS $116

$37,104
Engineering and Design 15% $5,566
Supervision and Administration 8% $2,968
Real Estate Acquisition for ROW 1 LS $393

$46,031

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$182

Total Road Relocation

AL1

Table 4.16-2

Flood Protection Costs
Feature 16: US Highway 281 (South of US Highway 2)

Action Level

Description

AL1

Subtotal

Action Level

Devils Lake Infrastructure Protection Study

Re(1)
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $602,800 $2,503,100 $0 $3,105,900 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,790,300 $2,790,300 $0 $0 $1,665,000 $1,665,000 $3,105,900 $315,600 1.11

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $5,533,000 $0 $5,533,000 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,800,000 $2,800,000 $0 $0 $1,671,000 $1,671,000 $5,533,000 $2,733,000 1.98

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $1,555,000 $2,210,200 $0 $3,765,200 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,800,000 $2,800,000 $0 $0 $1,671,000 $1,671,000 $3,765,200 $965,200 1.34

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $148,500 $4,727,700 $0 $4,876,200 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,800,000 $2,800,000 $0 $0 $1,671,000 $1,671,000 $4,876,200 $2,076,200 1.74

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.
The top action level (1463) is never reached in the 10,000 traces, rendering some of the costs and damages equal between different strategies.

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.16 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 16: US Highway 281 (South of US Highway 2)

Devils Lake Infrastructure Protection Study
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1/9/2003
3:29 PM



Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $602,800 $2,503,100 $0 $3,105,900 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,790,300 $2,790,300 $0 $0 $1,665,000 $1,665,000 $3,105,900 $315,600 1.11

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $5,533,000 $0 $5,533,000 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,800,000 $2,800,000 $0 $0 $1,671,000 $1,671,000 $5,533,000 $2,733,000 1.98

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $1,555,000 $2,210,200 $0 $3,765,200 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,800,000 $2,800,000 $0 $0 $1,671,000 $1,671,000 $3,765,200 $965,200 1.34

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $148,500 $4,727,700 $0 $4,876,200 $0 $0 --

Re(1) Relocation of Road at AL1 $0 $2,800,000 $2,800,000 $0 $0 $1,671,000 $1,671,000 $4,876,200 $2,076,200 1.74

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.
The top action level (1463) is never reached in the 10,000 traces, rendering some of the costs and damages equal between different strategies.

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.16 - 3b

Economics Results:  First Action Level
Feature 16: US Highway 281 (South of US Highway 2)

Devils Lake Infrastructure Protection Study
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Attachment to 4.16: 
US Highway 281 (South of US Highway 2) Infrastructure Protection 
Study Assumptions 

A. Existing Road Information 
1. Existing road elevations for the feature were obtained through contact with North Dakota Department 

of Transportation (ND DOT) representatives, Brad Darr, and the consulting engineers for the ND 
DOT, Kadrmas, Lee, and Jackson, primarily Charlotte Brett . 

2. Existing road cross-section for the feature were based on construction drawing typical sections 
obtained from Kadrmas, Lee, and Jackson, including: 

•  Project SER-3-281(071)156 & SER-3-281(072)160 US Highway 281 Project Concept Report 

•  ND DOT Project SER-3-019-(016)138  

3. Existing road centerline profiles for the features evaluated were obtained from the 2000 FEMA 
LIDAR topography. 

B. Road Realignment 
1. The road realignment was assumed from discussions with ND DOT representatives, primarily Brad 

Darr, the consulting engineers for the ND DOT, Kadrmas, Lee, and Jackson, primarily Charlotte 
Brett , and the Federal Transportation Board.  The plans referenced include: 

•  Project SER-3-281(071)156 & SER-3-281(072)160US Highway 281 Project Concept Report 

•  ND DOT Project SER-3-019-(016)138 

2. The road realignment either removed the road from the flood extents of the lake or set the road 
elevation at 1465, so future raises would not be required. 

3. Topsoil and seeding was assumed for the road realignment where riprap was not placed to prevent 
erosion.  Topsoil was assumed to be 4 inches deep. 

C. Geotechnical 
1. The scope and cost of geotechnical mitigation are related to: (1) number of borings and soil tests, and 

(2) soft soils that may require excavation and/or additional construction material, 

2. While the county soil surveys have similar descriptions of the subgrade characteristics of glacial till 
and lake bed deposits (Severe: low strength), experience in the Devils Lake area has indicated that 
most t ill deposits are better subgrade than lake.  The potential thickness of soft-soil deposits has been 
estimated based on descriptions of the lake bed deposits in the geologic and soils reports. 
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3. The potential extents of sand deposits have been estimated based on descriptions in the soils reports.  
It  is likely that in some locations, the surficial sand deposits, typically assumed herein to beach 
deposits, may be continuous with subsurface sand and gravel deposits (glacial outwash).  As such, 
some of the sand deposits may be of much greater extent vertically and laterally (buried) than has 
been assumed herein.  

4. It  is assumed that a soil boring will be completed approximately every 1,000 feet of road length.  
Additional borings will be completed in areas of critical soils.  Each soil boring and associated 
observation and testing will cost $2,000. 

5. Cut off walls are estimated to be $6/square foot based on past work at Devils Lake. 

6. In instances where construction may be completed in the wet, it  is assumed that soft soil will not be 
excavated, but instead may be displaced by new fill.  In those instances, additional fill contingency is 
added based on the percentage of the feature alignment that is underlain by potentially soft soil. 

The subgrade conditions along the alignment of this feature are based upon review of: 

•  Carlson, C.G. and T .F. Freers, 1975. Geology of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey, Bulletin 59 – Part 1 (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part 1) 

•  Randich, P.G., 1971. Groundwater Basic Data of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part II) 

•  Randich, P.G., 1977.  Groundwater Resources of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part III) 

•  USDA Soil Conservation Service, 1977, Soil Survey of Benson County Area, North Dakota 

D. Road Restoration 
1. For damage calculations it  was assumed that if the feature were temporarily closed, it  would be 

restored after the lake level has receded to the minimum road surface elevation less the assumed wave 
runup (the “Lake Damage Elevation”).   

2. Restoration damages were calculated assuming that the bituminous surfacing, shoulder and aggregate 
subgrade would be removed along with an additional 1.5 feet of embankment material.  Those 
materials would then be replaced in kind over a geotextile.  It  was assumed riprap would be placed on 
the lake side slope over geotextile from the road surface elevation to the bottom of the embankment 
replacement.  The riprap would be placed along the length of roadway lying below the receded lake 
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damage elevation.  The receded lake damage elevation is defined as the receded lake elevation plus 
the calculated wind-induced wave height. 

E. Detours  
1. Detour damages were included for every year that the feature is temporarily closed, as well as for the 

first  year that the lake has receded.  It  was assumed that during the first  year after the lake has 
receded, the road would be under restoration.  During this first  year, there would be both a detour 
damage and restoration damage.  After this first  year, there would be no further detour or restoration 
damages unless the lake rises to within 1 foot of the road again. 

2. Restoration of a road would only occur after the lake has receded to 2 feet below the lowest elevation 
in that road.  This was based on the assumption that restoration would only occur when there is no 
water on any part of the road and there would be only minor potential for wave action damage on the 
road. 

3. Detour damages were calculated using a cost of $7 per hour of additional travel t ime, 1.5 people per 
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).  
Additional t ime and miles traveled were taken from the results of the QRS II model used in Devils 
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering 
Company, January 1998.  The QRS II model determines the overall effect of a closed road on an 
entire network of traffic, incorporating the fact that traffic consists of trips having different origins 
and destinations. 

4. There is more commitment on the part of the North Dakota Department of Transportation (NDDOT) 
to the Highway 57 causeway than to the Highway 20 causeway through The Narrows.  Therefore, 
Highway 57 was assumed to be the detour route for the Highway 20 causeway.  If the Highway 57 
causeway was temporarily closed during flooding, it  was assumed that the Highway 20 causeway 
would also be temporarily closed. 

5. The detour route for Highway 57 is around the lake to the west via Highway 281 and Highway 19.  
Woods-Rutten Road was considered as a detour route for Highway 57, but it  was not retained as a 
viable alternative, because it  would have to be significantly raised and improved to carry the traffic of 
Highway 57. 

6. Detour paths were determined assuming that all other featured roads would be open (with three 
exceptions: the Highway 57 detour assumes that Highway 20 across The Narrows is closed and both 
the BIA 1 and the BIA 6 detours assume that Highway 20 from Highway 57 to Tokio is closed).  No 
effort was made to link detour routes with lake level.  However, if a featured road was presented as a 
detour route, an “ interdependency” was noted. 
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7. The analysis of Features 23 (BIA 1 between Highway 57 and BIA 6) and Feature 24 (BIA 6 between 
Highway 20 and Fort Totten) assumed that Feature 22 (Highway 20 between Highway 57 and Tokio) 
is temporarily closed during high lake levels.  BIA 1 and BIA 6 are part of the north-south detour for 
Highway 20 and the preliminary analysis indicated that Feature 22 would likely be temporarily closed 
during high lake levels. 

8. Two features can have mutually interdependent detour routes if they are the most reasonable detours.  
In these cases, it  was assumed that either the analyzed feature or the other feature would be raised or 
rerouted.  In these cases, the interdependency was noted. 
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4.17 Summary of Infrastructure Protection Investigation for 
Feature 17:  US Highway 281 (North of US Highway 2) 

4.17.0 Flood Protection Strategy 
The incremental flood protection that was analyzed for US Highway 281 (North of US Highway 
2) was an incremental road raise.  The ND DOT has indicated that this strategy will most likely 
occur, so this Infrastructure Protection Study did not analyze other flood protection strategies for 
US High way 281 (North of US Highway 2). 

4.17.1 General Information  
Feature Type:  Road 

Location:  Feature 17 is the portion of US Highway 281 north of US Highway 2 located in 
Towner County and along the borders of Ramsey and Benson Counties.  It  extends16.5 miles 
from its intersection with US Highway 2 outside of Churchs Ferry at the south to Cando at the 
north.  Feature 17 passes through the Townships of Olson, Cando, Atkins, Maza, Irvine, Chain 
Lakes, Normania, and Coulee.  The accompanying Figure 4.17-1 shows the feature’s location and 
approximate extents, and the inundation extents at the three reference lake levels (1447, 1454, 
and 1463). 

Description:  US Highway 281 north of US Highway 2 is a two-lane bituminous National 
Highway.  The entire highway route spans the United States from Canada to Texas.  It is 
classified as a principal arterial highway and National Highway System route.  Average daily 
traffic counts for this feature were 1,250 in 1994 and 1,075 in 2002.   

Significance:  This portion of US Highway 281 is important because it  is a major traffic route in 
the area, including the main route between Cando and Churchs Ferry.  It  is vital to serving local 
transportation, agricultural needs, and moving products through the area. 

Damages:  The flooding of Feature 17 would result  in the following damages: 

•  Detour damages resulting from the added travel t ime and miles traveled when US Highway 
281 (North of US Highway 2) is closed and traffic is detoured 

•  Restoration damages resulting from repairs that would be necessary to bring the highway 
back to a useable condition after a period of inundation 

O wner/Sponsor: The North Dakota Department of Transportation is responsible for managing 
and maintaining US Highway 281 (North of US Highway 2). 
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Lead Federal Agency:  The Federal Highway Administration would take the lead for US 
Highway 281 (North of US Highway 2) for any flood protection work that may take place. 

4.17.2 Feature Protection 
History of Flood Protection:  Flood protection for US Highway 281 (North of US Highway 2) 
has not been an issue to date.  Currently all of this section of road has been above the level of the 
rising water. 

General Protection Strategy:  The ND DOT plans to raise US Highway 281 north of US 
Highway 2 and south of Cando to a minimum road surface elevation of 1457.4.  The roadway 
embankment will also be widened along the entire length (below 1465) to accommodate potential 
future raises up to road surface elevation 1465 without requiring fill placement below water. 

Protection Strategy by Lake Level:  Figure 4.17-2 shows the decision tree for US Highway 281 
(North of US Highway 2).  As shown on Figure 4.17-2, the stepwise approach to flood protection 
for US Highway 281 (North of US Highway 2) consists of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the road would be raised to 
1457.4, whether the road would be relocated, or whether the road would be temporarily 
abandoned. 

2. If the road were raised at AL1, a decision would be made at Action Level 2 (AL2) whether to 
raise the road to 1462, whether the road would be relocated, or whether to temporarily close 
the road. 

3. If the road were raised at AL2, a decision would be made at Action Level 3 (AL3) whether to 
raise the road to 1465, whether the road would be relocated, or whether to temporarily close 
the road. 

The intent of the ND DOT is to construct the planned road raise to 1457.4 and embankment 
widening to minimize the work performed in water.  The reference elevations the ND DOT will 
use, if any, to implement the planned raise and any subsequent raise(s) are not known. 

The pertinent reference elevations for implementing each planned action level for the flood 
protection strategy are given below: 
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Reference Elevations for Feature 17 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
1454 1457.4 1462 Low Structure Elevation Low sill on lowest building or 

minimum road elevation 
14511 1454.41 14591 Lake Damage Elevation Lake elevation at which damage to 

roadway occurs1 
N/A N/A N/A Project Completion 

Elevation 
Lake elevation at which levee 
construction must be complete 

1451 1454.4 1459 Construction Initiation 
Elevation 

Lake elevation at which road raise 
construction must begin. 
(The current trigger for release of 
emergency highway funds for road raises 
is when the lake level reaches within 
3 feet of the minimum road surface.) 

1448 1452 1457 Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 

 

4.17.3 Design Considerations   
Sections 4.17.3.0 through 4.17.3.10 describe the analysis of the road raise design, as well as other 
considerations (geotechnical, environmental, etc.) necessary to compute the cost estimates for the 
first action level.  Section 4.17.3.11 describes the abbreviated cost estimating method for 
subsequent action levels. 

4.17.3.0 General Design  

This section summarizes the preliminary design information provided by NDDOT and its 
consulting engineers, Kadrmas, Lee, and Jackson.  This information is preliminary, but 
based on discussions in October 2002 with the ND DOT, Kadrmas, Lee, and Jackson, and 
the federal transportation board, this is the option most likely to be completed.  The 
maximum wind-induced wave height along this feature based on fetch, depth of water, 
and the side slope was calculated to be approximately 5 feet above lake elevation.  This 
wave height is used to compute the lake elevation at which damage will occur to the 
roadway due to wave action.  However, for this feature, the damage elevation was set to 
3 feet above the lake elevation to correspond with current ND DOT policy regarding road 
raises.  Temporary emergency measures (such as placing a riprap berm on the lake side) 
can be taken to minimize disruption to the road during this period. 

                                                 
1 Although damages to this feature were computed to begin 5 feet below the top of road, it was assumed that 
temporary emergency measures would be implemented to protect the road until the lake reaches the 3-foot trigger 
that is currently used by the ND DOT.  The elevations listed in this table reflect the 3-foot trigger elevation. 
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Alignment 

Figure 4.17-1 shows the alignment of the existing US Highway 281 (North of US 
Highway 2).  The raised roadway will follow the same alignment.  The length of US 
Highway 281 between US Highway 2 and Cando is approximately 16.5 miles.  Four 
segments of the highway are currently below the planned raise to 1457.4.  The segments 
are located: 

•  Along the border of Section 6 in Chain Lakes Township, Ramsey County and 
Section 1, Irvine Township, Benson County, and is approximately 0.1 miles long 

•  Along the border of Section 7 in Chain Lakes Township, Ramsey County and Section 
12 in Irvine Township, Benson County, and is approximately 0.3 miles long 

•  Along the border of Sections 19 and 30 in Chain Lakes Township, Ramsey County 
and Sections 24 and 25 in Irvine Township, Benson County, and is approximately 
1.2 miles long 

•  Along the border of Section 31 in Chain Lakes Township, Ramsey County and 
Section 36 in Irvine Township, Benson County, and is approximately 1.5 miles long 

All of US Highway 281 (North of US Highway 2) is planned to be widened, except in the 
following areas: 

•  From US Highway 2 to ½ mile North of US Highway 2 

•  From Cando to 1.5 miles south of Cando 

•  From 1.75 miles south of Cando to 5 miles south of Cando 

Figure 4.17-4 shows the existing road profile and the raised road profile. 

Cross-Section 

Figure 4.17-3 shows a typical cross-section of the proposed road raise.  The raise will 
maintain the existing road centerline.  Fill will be placed on each side of the existing 
embankment wide enough to provide a base width to accommodate potential future raises 
to an ultimate road surface at 1465.  This section is based on US Highway 281 Staged 
Grade Raise Typical Section from the Preliminary Construction Report for US Highway 
281, July 2002, by Kadrmas, Lee, and Jackson.   

The minimum raised road elevation is assumed to be 1457.4 top of pavement.  The road 
top width was assumed to be 64 feet.  The shoulder side slopes are broken up into three 
different slopes.  The first  side slope runs 12 feet horizontally and is at 6H:1V on both the 
sides.  The second side slope is only for when the current road elevation is below 1465.  
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At this point the side slope is 24H:1V on both sides, and varies in length depending upon 
the elevation of the road.  The final side slope is 4H:1V, and runs to the surrounding 
ground elevation.  This is being done so that if the lake continues to rise, all future raises 
can be done above water.  It was assumed that unsuitable foundation soils, averaging 
1 foot in depth, will be stripped along the existing embankment toe prior to placement of 
road fill.  

Materials 

It was assumed that the roadway fill would be constructed from readily available native 
silty clay and clay loam.  These materials are suitable for road embankment construction.  
The top 12 inches of the roadway section will be constructed of commercially available 
aggregate surface course material.  Bituminous surfacing will be 40 feet in width, and 
will be 5 inches in depth. 

Erosion Protection 

On both sides of the road, riprap was assumed to be placed over geotextile (no additional 
bedding material) between 1452 and 2 feet below the water surface.  No topsoil or 
seeding was assumed for the raised roadbed. 

4.17.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area are part of the Coleharbor 
Formation. 

Most of US Highway 281 North lies on the silt  and clay facies of the Coleharbor 
Formation.  This facies represents lacustrine deposits formed on the bed of former higher 
stands of Devils Lake, known as Lake Minnewaukan and Lake Cando.  The lacustrine 
deposits include soft lake bottom silt and clay, and lie on the easily recognized lake plain, 
most of which is now beneath the current lake.  

There are a few other deposits of note at the scale of the county geologic maps.  In 
Towner County (T157N, R66W, sec. 20) there is a more recent lake bed deposit, mapped 
as part of the Oahe Formation.  This deposit  is generally described as up to 20 feet of 
tough black silty clay with up to a few percent of organic content.  In that same section 
there the road follows the edge of collapsed lake bed deposits.  This was deposited in 
lakes formed on ice, and the deposits collapsed and distorted as the ice melted.  The 
collapsed lake deposits are similar to other lake deposits, but tend to contain more sand.  
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In Benson and Ramsey Counties (T156N, R67W, sec. 24 and T156N, R66W, sec. 19 and 
30), there is a sand and gravel beach deposit extending westward from Lake Irvine.  In 
Benson County, it  is mapped as the sand and gravel facies of the Coleharbor Formation, 
and in Ramsey County it  is mapped as part of the Oahe Formation. 

The lake and glacial deposits are just over 100 feet thick on the southern end of Highway 
281 North, and thicken to over 300 feet thick in the area of Cando in Towner County.  
The bedrock is Cretaceous Pierre Shale.  

The impacted highway crosses the following soil types, which have the indicated 
comments with respect to road construction: 

•  Towner County, near Cando sewage treatment ponds 

− 450 Colvin silt  loam; CL, CL-ML; lake bed – Severe: wetness 

− 2293 Colvin silt  loam; CL, CL-ML; alluvial deposit – Severe: wetness, flooding 

•  Towner County southern segment 

− 2196 Colvin silt  loam, saline; CL, CL-ML; lake bed – Severe: excess salt, 
wetness 

− 1221 Maddock loamy fine sand; SM, SC-SM; beach; Slight 

− 1782 Swenoda fine sandy loam; SM, SC-SM; beach; Moderate: frost action 

− 450 Colvin silt  loam; CL, CL-ML; lake bed – Severe: wetness 

− 2048 Wyndmere fine loamy sand; SM, ML, SC-SM; beach; Severe: frost action, 
droughty 

− 846 Great Bend-Overly silt  loam; Cl, CL-ML; lake bed; Severe: low strength, 
frost action 

− 2286 Beardon silt  loam; CL-ML, CL; lake bed; Moderate: wetness 

•  Benson County 

− 119 Aberdeen silty clay loam; CL, CH, ML; lake bed; Severe: shrink-swell, low 
strength 

− 45 Bearden silt loam, CL-ML, CL; lake bed; Severe: frost action, low strength 

− 4 Fargo silty clay loam; CL, CH; lake bed; Severe: wetness, low strength 
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− 19 Tonka silt  loam; CL, CL-ML; lake bed; Severe: wetness, floods, low strength 

− 42&42B Gardena silt  loam; ML; Severe: frost action 

− 68B Arvilla sandy loam; SM, SC, SM-SC; beach; Slight 

− 89&145 Grano silty clay; CH; lake bed; Severe: wetness, floods, low strength 

− 41 Overly silty clay loam; CL; lake bed; Severe: frost action, low strength 

− 5 Hegne silty clay; CH; lake bed; Severe: wetness, shrink-swell, low strength 

− 90 Lallie loam; Ml, CL; lake bed; Severe: wetness, floods, low strength 

− 3 Parnell silty clay loam; CL, CH; lake bed; Severe: wetness, floods, low strength 

•  Ramsey County 

− 34 Aberdeen silt loam; CL, ML; lake bed; Severe: low strength, shrink-swell 

− 36 Bearden silt loam, CL, CH; lake bed; Severe: low strength, frost action 

− 7 Fargo silty clay; CH; lake bed; Severe: low strength, wetness, frost action 

− 30 Emden loam; ML, ML-CL; lake bed; Moderate: frost action 

− 54B Arvilla sandy loam; SM, SC, SM-SC; beach; Slight 

− 5 Grano silty clay; CH; lake bed; Severe: low strength, ponding, frost action 

− 35 Overly silty clay loam; CL, CL-ML; lake bed; Severe: low strength, frost 
action 

− 45 Hegne silty clay; CH; lake bed; Severe: low strength, shrink-swell 

− 44 Hegne silty clay; OH, CH; lake bed; Severe: low strength, ponding, shrink-
swell 

“Slight” means soil properties and site characteristics are generally favorable for this use.  
“Severe” means special design may be required.  Wetness and flooding are a given, since 
much of the area is already inundated.   

It is assumed that 15 borings need to be completed in order to determine the strength of 
the lake bed deposits.  The entire impacted road overlies lake bed deposits; approximately 
1.8 miles of the impacted road overlies fat clay. 
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4.17.3.2 Hydrology/Interior Drainage issues 

It is assumed that culverts would be placed through the raised roadway embankment to 
allow for water level equalization on both sides of the roadway.  Any existing culverts 
through the raised roadway were assumed to be filled and abandoned in place.  New RCP 
culverts were assumed to have been placed through the roadway embankment at six low 
spots along the road. 

4.17.3.3 Real Estate Requirements 

Minimum right-of-way requirements for the road raise are assumed to extend 15 feet 
beyond the toe on each side of the raised embankment.  The 15-foot buffer will provide 
sufficient room for temporary construction activities and long-term maintenance access. 

4.17.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses, surrounding US Highway 281 North (North of US Highway 2), appear 
to be predominantly agricultural with scattered rural residences and farms.  One formerly 
more extensive town, the village of Maza, intercepted by this feature may have had 
commercial or industrial uses.  Land use does not appear to have changed significantly 
since the 1950’s, with the exception of the diminishment of the village of Maza.   

Regulatory record reviews for zip codes 58346, 58325, and 58324 were obtained from 
FirstSearch on October 15, 2002.  All of the sites listed in zip codes 58346 and 58324 
appear to be in or near the towns of Leeds and Cando, respectively.  These two towns are 
several miles from US Highway 281.  One UST facility was listed in Churchs Ferry 
(58325) but the location was not identified.  Based on the name of the facility, Crossroads 
Service, this UST facility maybe located adjacent to the impact area and site designated 
as 17-1-5.  

Five potential HTRW sites identified along the feature alignment are listed below and 
shown on Figure 4.17-1:   

HTRW Site  Costs 

Site # 

Action 
Level 

Affected HTRW Category HTRW Costs 
17-1-1 1 Former Communities  $9,000  
17-1-2 1 Rural Residences & Farmsteads  $500  
17-1-3 1 Rural Residences & Farmsteads  $500  
17-1-4 1 Rural Residences & Farmsteads  $500  
17-1-5 1 Railroad Related Land Uses  $5,500  
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A more detailed description of site history and a breakdown of costs are in Appendix C.  
A description of environmental concerns associated with these categories is in Section 
4.0. 

Cultural 

This project has the potential to affect four known sites and one site lead as shown on 
Figure 4.17-1.  The four known sites are all architectural properties, and they include the 
Burlington Northern Railroad Bridge (32BE0044), Bennington House (32RY0193), 
Maza Steeple (32TO0017), and Maza School (32TO0029).  Recommendations of 
eligibility have not been made for the Burlington Northern Railroad Bridge or Maza 
Steeple.  An evaluative survey of Bennington House determined that it  was not eligible 
for listing on the NRHP due to poor integrity.  The Maza School, however, was surveyed 
and was recommended as eligible for listing on the NRHP for its association with the 
incorporation of the town of Maza. 

The site lead that may fall within the US Highway 281 (North of US Highway 2) area of 
potential effect is 32TOX0004 (Maza Townsite/Post Office), a historical archaeological 
site lead.   

A summary of the evaluation status of known cultural resources is presented in following 
table. 

Feature 17  US Highway 281 (North of US Highway 2) Evaluation Status of Known Cultural 
Resources 

Resource Type 

Resources 
Listed on or 

Nominated for 
the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 

(Require Phase I Survey) 
Architectural  0 2 2 
Archaeological 0 0 0 
Architectural Site 
Leads/Isolated Finds 

0 0 0 

Archaeological Site 
Leads/Isolated Finds 

0 0 1 

Total 0 2 3 

 
The estimated cost to conduct Phase 1 Surveys for each of the 3 sites is presented in the 
following table.  The total cost for all surveys is $18,600.  As noted in Section 4.0, these 
costs are believed representative of the cultural resources investigations needed for the 
next stage of study. 
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Feature 17 US Highway 281 (North of US Highway 2) Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0044 Phase I Architectural $6,200 
32TO0017 Phase I Architectural $6,200 
32TO0029 Phase I Architectural $6,200 

 
Environmental  

Fill used for the construction of the road raise and relocation could cause environmental 
impacts due to encroachment upon wetlands and upland plant communities.  The natural 
resources within the right-of-way of US Highway 281 (North of US Highway 2) to be 
raised include wetlands, oak forest/woodlands, and grasslands.  The acres of habitat 
impacted by land use category are shown in Figure 4.22-1.  A total of 2.13 acres of 
wetland impacts would be expected from the proposed infrastructure protection 
measures, with 0.08 acres of those wetlands having easements on them.  Complete or 
partial loss of wetland functions and conversion to upland due to filling is possible in 
some locations.  In areas where some hydrology is maintained and wetland conditions 
remain, changes in plant community and hydrology could lead to a wetland type change.  
The loss of wetland area would impact waterfowl, marsh bird and songbird-nesting areas, 
as well bring about impacts to reptile and amphibian populations due to habitat loss and 
fragmentation.  These environmental impacts are more fully detailed in the general 
impacts discussion Section 4.0.  This loss of wetland would require 4.18 acres of 
mitigation wetlands as set forth in the project mitigation policy developed through 
consultation with the Corps and FWS. 

In the upland areas a loss of native species due to grading and filling could be expected.  
Subsequent revegetation of fill or borrow locations may allow for the introduction of 
weedy, non-native species.  A loss of native tree species due to grading and filling, as 
well as the introduction of weedy, non-native under-story species could also be expected 
in these areas.  A total of 0.79 acres of oak forest/oak woodland, 0.86 acres of grasslands 
under easements, 84.60 acres of other grassland habitat and 2.42 acres of cover crop 
under easements would be impacted from the proposed infrastructure protection measures 
in this location.  The loss of woodland and grassland habitat areas would impact songbird 
nesting and small mammal populations, as well impacting reptile and amphibian 
populations due to habitat fragmentation.  These environmental impacts are more fully 
detailed in the general impacts discussion Section 4.0.  Mitigation activities would 
require the acquisition of 1.58 acres of oak forest/oak woodland, 170.06 acres of 
grasslands habitat and 2.42 acres of cover crop like upland habitat areas for these 
impacts.  



P:\34\36\020\2002-17 4.17-11 

4.17.3.5 Effects on Existing Infrastructure and Utilities 

Utilit ies located along the existing right-of-way limits are assumed not to be impacted by 
the raise.  With the exception of drainage culverts discussed above, no other 
infrastructure or utilit ies are expected to be impacted. 

4.17.3.6 Interdependencies 

The protection of US Highway 281 (North of US Highway 2) is related to the protection 
of several other features: 

•  Feature 1: Churchs Ferry – Feature 1 is located at the south end of Feature 17.  The 
protection strategy chosen for either, particularly if the strategy involves relocation, 
will have an impact on the other feature. 

•  Feature 13: US Highway 2 – If Feature 17 is closed Feature 13 would experience 
decreased traffic as other local roads are used to go north to Cando. 

•  Feature 20: ND Highway 20 (North of the City of Devils Lake) – If Feature 17 is 
closed Feature 20 would experience increased traffic as a detour route. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.17.3.7 O&M 

Operation and maintenance requirements for the raised roadway would be similar to the 
unimpacted roadway with respect to road surface maintenance and shoulder and slope 
mowing.  The increase in O&M on the adjacent routes that are used as detours would be 
approximately equal to O&M on the temporarily closed road.  Additional maintenance 
requirements for the raised roadway sections would include maintenance of the riprap on 
both the lake and land sides.  Annual maintenance costs for the riprap have been 
estimated at 0.5 percent of the initial construction cost.  The O&M costs were not 
included in the economic analysis due to limitations of the Feature Analysis Model. 

4.17.3.8 Lead Time Required 

The raising of US Highway 281 (North of US Highway 2) could be completed in one 
construction season.  A lead time of about twelve months would be necessary for final 
design, preparation of construction documents and bidding.  Total t ime between initiation 
of final design and substantial completion of construction would be in the range of 18 to 
24 months. 
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4.17.3.9 Potential Problems and Risks 

Potential problems and risks associated with the road raise include: 

•  Road embankment fill into water in some low areas, or if the lake level encroaches 
on the roadway, will make compaction and quality control difficult  

•  Foundation conditions may require additional excavation and/or fill in low areas 
adjacent to the roadway 

4.17.3.10 Data deficiencies 

The following data should be collected or verified prior to proceeding with raising US 
Highway 281 (North of US Highway 2): 

•  Locations of utilit ies 

•  Soil borings along toe of existing road embankment in low areas 

•  Precise location and evaluation of nearby cultural resources 

4.17.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 17, an abbreviated method was necessary for 
examining the costs of infrastructure protection at action levels above the first .  The 
estimated costs at action levels subsequent to the first  are presented in Table 4.17-2b.  
Estimates of benefits—damages prevented—for subsequent action levels were made in 
the same manner as for the first action level.  The damage estimates for all action levels 
are shown in Table 4.17-1.    

The same general approach to calculate road raise costs was used for the subsequent 
action levels.  Unit prices were not changed.  However, some of the cost items were 
simply extrapolated for the higher action levels, rather than being calculated in detail.  
The relevant design and cost assumptions for the abbreviated method are listed below. 

Design Assumptions 

•  Raise elevations  

Action Level 2:  4.6-foot raise to 1462 

Action Level 3:  3-foot raise to 1465 

•  Cross-section   

Action Level 2:  64-foot top width, 4H:1V side slopes, centerline-aligned raise 

Action Level 3:  64-foot top width, 4H:1V side slopes, centerline-aligned raise 
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•  Length   

Action Level 2:  Total length of raised roadway- 6.5 miles 

Action Level 3:  Total length of raised roadway- 10.0 miles 

•  Impacted Area 

The sections raised at the first action level impact no additional land area because the 
roadway was assumed to be widened to accommodate the subsequent raises.  
However, additional area is impacted in subsequent raises in those sections that were 
not previously raised. 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.17-2b.  The geological/geotechnical and 
environmental quantities and costs were estimated in proportion to the Action Level 1 costs 
as described in Section 3.2.13.  Real Estate costs were assumed to be the same for each raise. 

4.17.4 Economics of Flood Protection 
Damages:  For US Highway 281 (North of US Highway 2), the damages resulting from flooding 
were estimated up to the maximum lake level (1463).  The damage computations for US Highway 
281 (North of US Highway 2) are summarized in the accompanying Table 4.17-1. 

The top portion of Table 4.17-1 gives a summary of the annual detour damages that would occur 
during the years when the highway was flooded.  It  also shows road restoration damages that can 
be expected when the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives quantities 
in terms of miles per year (of extra miles traveled as a result of detours) and hours per year (of 
additional travel t ime resulting from detours) for the detour damages.  Also shown are quantities 
and line-item damages for excavation, geotextile fabric, aggregate base course, fill, bituminous 
pavement, and riprap for road restoration work when waters recede. 

The unit prices for all the damage computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for US Highway 281 (North of US Highway 2) are listed in the 
Feature 17 Assumptions listing, appended to this Section 4.17. 

Costs:  The costs of providing flood protection for US Highway 281 (North of US Highway 2) 
are detailed in the accompanying Table 4.17-2a for the first  action level and Table 4.17-2b for the 
subsequent action levels.  Quantities and line-item totals are listed.   
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The top portion of the tables gives the costs of providing flood protection (as represented in the 
analysis) by action level.  The lower portion of the tables gives a breakdown of the quantities and 
costs by line item. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for US Highway 281 (North of US Highway 2) are listed in the 
Feature 17 Assumptions listing, appended to this Section 4.17. 

Kadrmas, Lee, and Jackson prepared a cost estimate for the raising and widening of US Highway 
281 (North of US Highway 2), with an estimated cost of  $5.2 million.  This number was obtained 
from SER-3-281(071)156 & SER-3-281(072)160 US Highway 281 Project Concept Report, July 
2002.  The difference between their cost estimate and the cost estimate of the first action level 
that was prepared for this study can be attributed to different assumptions for contingencies and 
unit prices.  The estimated quantities for both were similar. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50 percent (Table 4.17-2).  Contingencies for riprap, fill material, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices.  

4.17.5  Economic Results 
The flood protection strategy that was analyzed was incremental road raises, which is highlighted 
on the decision tree (Figure 4.17-2).  The results of the Infrastructure Protection Study for US 
Highway 281 (North of US Highway 2) are listed in Table 4.17-3a for the analysis of all action 
levels and in Table 4.17-3b for the analysis of the first action level.  

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for US Highway 281 (North of US Highway 2), the 
Infrastructure Protection Study analysis provided relevant economic indices for raising the road.  
The annual net benefits for this approach were less than zero (-$35,200).  The BCR for this 
approach was less than one (0.85).  These results show that this strategy is not economically 
justified. The present worth annualized detour damages that would be prevented by this strategy 
were computed to be $151,900. The stochastic results are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  Raising the road was also analyzed 
under each of three specific climate futures.  For US Highway 281 (North of US Highway 2), the 
economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the average net benefits of raising the 
road were -$198,300, and the BCR was 0.86, indicating that this strategy was not 
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economically justified.  For this future, the present worth annualized detour damages that 
would be prevented were computed at $1,090,100. 

•  First Moderate Future – Under the first moderate future climate scenario, the first  action level 
is not reached. 

•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of raising the road were -$215,500, and the BCR was 0.67, indicating that this 
strategy was not economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $291,000. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for US Highway 281 (North of US Highway 2), the 
Infrastructure Protection Study analysis also provided relevant economic indices for the first raise 
of the road independently.  The annual net benefits for this approach were less than zero 
(-$15,300).  The BCR for this approach was less than one (0.88).  These results show that this 
strategy is not economically justified; the results are similar to the results based on all action 
levels.  The present worth annualized detour damages that would be prevented by this strategy 
were computed to be $84,100.  The stochastic results are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  The first  raise of the road was also analyzed 
under each of three specific climate futures.  For US Highway 281 (North of US Highway 2), the 
economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the average net benefits of the first  raise 
of the road were -$207,000, and the BCR was 0.57, indicating that this strategy was not 
economically justified.  No restoration damages are listed under this scenario; the lake level 
exceeds the second action level, and restoration damages would be a function of the 
subsequent action levels2.  For this future, the present worth annualized detour damages that 
would be prevented were computed at $270,300. 

•  First Moderate Future – Under the first moderate future climate scenario, the lake levels do 
not reach the first  damage level. 

•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of raising the road were -$135,300, and the BCR was 0.57, indicating that this 
strategy was economically justified. No restoration damages are listed under this scenario; the 

                                                 
2 For analysis of the first action level, it was assumed that restoration damages would be attributable to the first 
action level only if the lake level never reached the subsequent action levels.   See Section 3.2.2.1 for further 
discussion of this assumption. 
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lake level exceeds the second action level, and restoration damages would be a function of 
the subsequent action levels2.  For this future, the present worth annualized detour damages 
that would be prevented were computed at $179,500. 
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FEATURE 17: U.S. HIGHWAY 281
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DAMAGES

Annual Detour 
Damages

Damage Value 
(THOUSANDS)

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

$0 0 $0
$1,403 14000 $3,552
$1,403 14,430 $3,626
$1,403 14,850 $3,697
$1,403 17,720 $4,187
$1,403 18,840 $4,378
$1,403 20,170 $4,605
$1,403 33,990 $6,965
$1,403 36,360 $7,370
$1,403 39,360 $7,882
$1,403 53,170 $10,240
$1,403 55,280 $10,600
$1,403 59,510 $11,322
$1,403 61,090 $11,592
$1,403 62,150 $11,773
$1,403 62,670 $11,862
$1,403 63,200 $11,952
$1,403 63,700 $12,037

DAMAGE BREAKDOWN

Description Quantity Unit Unit Cost Value
(THOUSANDS)

Hours/Year 53,740 HR $7.13 $383
Miles/Year 2,955,560 MILE $0.35 $1,020

$1,403

Item Unit Cost Contingency Value per LF of Road
Excavation 5.94 CY/LF $3.50 30% $27

Fill Material 3.14 CY/LF $5.00 30% $20
Geotextile Fabric 6.22 SY/LF $2.00 30% $16

Aggregate Base Course 2.32 CY/LF $20.00 30% $60

Bituminous 0.72 Tons/LF $50.00 30% $47
$171

Item Unit Cost Contingency Total Value for Road
Riprap 1.41 CY/LF $40.00 30% $1,058,008

Geotextile Fabric 2.77 SY/LF $2.00 30% $103,925
$1,161,932

Quantity per LF of Road
Place riprap from road surface elevation to 
bottom of embankment replacement for 
lowest impacted roadway length
For use under riprap restoration

Description

Replace 0.5' of subgrade and shoulders 
(10' X 0.5' ea. side)
Replace 0.5' of bituminous pavement

Total

1448

1453

1455

Annual Detour 
Damages

1459
1460

1449
1450
1451

Total

Restoration 
Damages

Description Quantity per LF of Road
Removal of existing bituminous (26' X 0.5'), 
existing shoulder (10' X 0.5' ea. side), 
existing aggregate base (52' X 0.5'), and 
top 1.5' of existing road embankment fill
Replace top 1.5' of roadway embankment
Place geotextile beneath new aggregate 
base

Total

1452

1454

1465

1456
1457
1458

1461

1464

1462
1463

Table 4.17-1

Flood Damages
Feature 17: US Highway 281 (North of US Highway 2)

Restoration Damages

Lake Elevation 
(MSL)

Devils Lake Infrastructure Protection Study
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R (1)

Incremental Raise at AL1
(THOUSANDS)

$9,953

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Road Raise Raise Road to Elevation 1457.4

Performance/Payment Bond 1 JB $54,429 10% $60
Clearing and Grubbing 5.5 AC $3,000 30% $21
Stripping 167,000 CY $1.50 30% $326
Geotextile Fabric 1,200 SY $2.00 30% $3
Aggregate Base Course 43,800 CY $20 30% $1,139
Fill Material 670,000 CY $5.00 35% $4,523
Bedding 0 CY $35 30% $0
Riprap 300 CY $40 40% $17
Bituminous Pavement 23,100 TON $50 30% $1,502
Culverts 810 LF $50 30% $53
Topsoil 34,200 CY $2.50 30% $111
Seed 63.0 AC $1,000 30% $82
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 15 EA $1,000 50% $23
Environmental Impacts
Mitigation 1 LS $56
HTRW 1 LS $16
Cultural Resources Investigation 1 LS $19

$7,949
Engineering and Design 15% $1,192
Supervision and Administration 8% $636
Real Estate Acquisition for ROW 1 LS $176

$9,953

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$39

Action Level

Total Road Raise

AL1

Action Level

Description

AL1

Subtotal

R(1)

Devils Lake Infrastructure Protection Study

Table 4.17-2a

Flood Protection Costs 
Feature 17: US Highway 281 (North of US Highway 2)
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R (2)

Incremental Raise at AL2

$11,824
$0

COST BREAKDOWN

Quantity Units Unit Contingency Value Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise Raise Road to Elevation 14xx Raise Road to Elevation 14xx

Performance/Payment Bond 1 JB $65,782 10% $72 Performance/Payment Bond 1 JB $93,220 10% $103
Clearing and Grubbing 0.0 AC $3,000 30% $0 Clearing and Grubbing 0.0 AC $3,000 30% $0
Stripping 0 CY $1.50 30% $0 Stripping 0 CY $1.50 30% $0
Geotextile Fabric 119,000 SY $2.00 30% $309 Geotextile Fabric 153,000 SY $2.00 30% $398
Aggregate Base Course 85,000 CY $20 30% $2,210 Aggregate Base Course 129,000 CY $20 30% $3,354
Fill Material 311,000 CY $5.00 35% $2,099 Fill Material 429,000 CY $5.00 35% $2,896
Bedding 0 CY $35 30% $0 Bedding 0 CY $35 30% $0
Riprap 32,000 CY $40 40% $1,792 Riprap 38,500 CY $40 40% $2,156
Bituminous Pavement 45,000 TON $50 30% $2,925 Bituminous Pavement 68,000 TON $50 30% $4,420
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Topsoil 11,000 CY $2.50 30% $36 Topsoil 16,000 CY $2.50 30% $52
Seed 20.0 AC $1,000 30% $26 Seed 32.0 AC $1,000 30% $42
Geotechnical Geotechnical 
Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 0 EA $1,000 50% $0 Borings 0 EA $1,000 50% $0
Environmental Impacts Environmental Impacts
Mitigation 0 LS $0 Mitigation 0 LS $0
HTRW 0 LS $0 HTRW 0 LS $0
Cultural Resources Investigation 0 LS $0 Cultural Resources Investigation 0 LS $0

$9,470 $13,420
Engineering and Design 15% $1,420 Engineering and Design 15% $2,013
Supervision and Administration 8% $758 Supervision and Administration 8% $1,074
Real Estate Acquisition for ROW 1 LS $176 Real Estate Acquisition for ROW 1 LS $176

$11,824 $16,682

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$47
$67

AL3 $16,682

AL3

R(3)
Description

Subtotal

Total Road Raise

R (3)

Incremental Raise at AL3

$0
(THOUSANDS)

Table 4.17-2b

Flood Protection Costs 
Feature 17: US Highway 281 (North of US Highway 2)

Devils Lake Infrastructure Protection Study

Action Level

Total Road Raise

AL2

Action Level

Description

AL2

Subtotal

R(2)
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $54,900 $151,900 $0 $206,800 $0 $0 --

R(3) 3 Incr. Road Raises $242,000 $0 $242,000 $0 $0 $0 $0 $206,800 -$35,200 0.85

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $131,800 $1,090,100 $0 $1,221,900 $0 $0 --

R(3) 3 Incr. Road Raises $1,420,200 $0 $1,420,200 $0 $0 $0 $0 $1,221,900 -$198,300 0.86

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $0 $0 $0 $0 $0 --

R(3) 3 Incr. Road Raises $0 $0 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $140,400 $291,000 $0 $431,400 $0 $0 --

R(3) 3 Incr. Road Raises $646,900 $0 $646,900 $0 $0 $0 $0 $431,400 -$215,500 0.67

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.17 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 17: US Highway 281 (North of US Highway 2)

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $30,300 $84,100 $0 $114,400 $0 $0 --

R(1) 1 Incremental Road Raise $129,700 $0 $129,700 $0 $0 $0 $0 $114,400 -$15,300 0.88

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $270,300 $0 $270,300 $0 $0 --

R(1) 1 Incremental Road Raise $477,300 $0 $477,300 $0 $0 $0 $0 $270,300 -$207,000 0.57

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $0 $0 $0 $0 $0 --

R(1) 1 Incremental Road Raise $0 $0 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $179,500 $0 $179,500 $0 $0 --

R(1) 1 Incremental Road Raise $314,800 $0 $314,800 $0 $0 $0 $0 $179,500 -$135,300 0.57

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.17 - 3b

Economics Results: First Action Level
Feature 17: US Highway 281 (North of US Highway 2)

Devils Lake Infrastructure Protection Study
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Attachment to 4.17: 
US Highway 281 (North of US Highway 2) Infrastructure Protection 
Study Assumptions 

A. Existing Road Information 
1. Existing road elevations for the feature were obtained through contact with North Dakota Department 

of Transportation (ND DOT) representatives, Brad Darr, and the consulting engineers for the ND 
DOT, Kadrmas, Lee, and Jackson, primarily Charlotte Brett . 

2. Existing road cross-section for the feature were based on preliminary typical sections obtained from 
Kadrmas, Lee, and Jackson, including: 

•  Project SER-3-281(071)156 & SER-3-281(072)160 US Highway 281 Project Concept Report  

3. Existing road centerline profiles for the features evaluated were obtained from the 2000 FEMA 
LIDAR topography. 

B. Road Raise 
1. The road raise was assumed to be to elevation 1457.4.  The raise height varied over the length of the 

highway, depending on the current elevation.  

2. The future road raise cross-section was based discussions with North Dakota Department of 
Transportation (ND DOT) representatives, Brad Darr, and the consulting engineers for the ND DOT, 
Kadrmas, Lee, and Jackson, primarily Charlotte Brett .  The plans referenced included: 

•  Project SER-3-281(071)156 & SER-3-281(072)160 US Highway 281 Project Concept Report 

3. In the areas where the base was extended to accommodate future road raises, 4 inches of topsoil was 
assumed.  Seeding in that area was also assumed. 

C. Geotechnical 
1. The scope and cost of geotechnical mitigation are related to: (1) number of borings and soil tests, and 

(2) soft soils that may require excavation and/or additional construction material, 

2. While the county soil surveys have similar descriptions of the subgrade characteristics of glacial till 
and lake bed deposits (Severe: low strength), experience in the Devils Lake area has indicated that 
most t ill deposits are better subgrade than lake.  The potential thickness of soft-soil deposits has been 
estimated based on descriptions of the lake bed deposits in the geologic and soils reports. 

3. The potential extents of sand deposits have been estimated based on descriptions in the soils reports.  
It  is likely that in some locations, the surficial sand deposits, typically assumed herein to beach 
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deposits, may be continuous with subsurface sand and gravel deposits (glacial outwash).  As such, 
some of the sand deposits may be of much greater extent vertically and laterally (buried) than has 
been assumed herein.  

4. It  is assumed that a soil boring will be completed approximately every 1,000 feet of road length.  
Additional borings will be completed in areas of critical soils.  Each soil boring and associated 
observation and testing will cost $2,000. 

5. Cut off walls are estimated to be $6/square foot based on past work at Devils Lake. 

6. In instances where construction may be completed in the wet, it  is assumed that soft soil will not be 
excavated, but instead may be displaced by new fill.  In those instances, additional fill contingency is 
added based on the percentage of the feature alignment that is underlain by potentially soft soil. 

The subgrade conditions along the alignment of this feature are based upon review of: 

•  Carlson, C.G. and T .F. Freers, 1975. Geology of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey, Bulletin 59 – Part 1 (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part 1) 

•  Randich, P.G., 1971. Groundwater Basic Data of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part II) 

•  Randich, P.G., 1977.  Groundwater Resources of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part III) 

•  USDA Soil Conservation Service, 1977, Soil Survey of Benson County Area, North Dakota 

•  Hobbs, Howard C. and J.P. Bluemle, 1987.  Geology of Ramsey County, North Dakota. North 
Dakota Geological Survey Bulletin 71 – Part I (also North Dakota State Water Commission 
County Groundwater Studies 26 – Part I) 

•  Hutchinson, R.D., 1977. Groundwater Basic Data for Ramsey County, North Dakota. North 
Dakota Geological Survey Bulletin 71 – Part II (also North Dakota State Water Commission 
County Groundwater Studies 26 – Part II) 

•  Hutchinson, R.D. and Robert L. Klausing, 1980.  Groundwater Resources of Ramsey County, 
North Dakota. North Dakota Geological Survey Bulletin 71 – Part III (also North Dakota State 
Water Commission County Groundwater Studies 26 – Part III) 
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•  USDA Soil Conservation Service, 1986, Soil Survey of Ramsey County, North Dakota. 
Hardcopy and electronically from http://nasis.nrcs.usda.gov/ 

•  Bluemle, John P., 1984.  Geology of Towner County, North Dakota. North Dakota Geological 
Survey Bulletin 79 – Part I (also North Dakota State Water Commission County Groundwater 
Studies 36 – Part I) 

•  Kuzniar, R.L. and P.G. Randich, 1983.  Groundwater Data for of Towner County, North Dakota. 
North Dakota Geological Survey Bulletin 79 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 36 – Part II) 

•  Randich, P.G. and R.L. Kuzniar, 1984.  Groundwater Resources of Towner County, North 
Dakota. North Dakota Geological Survey Bulletin 79 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 36 – Part III) 

•  USDA Soil Conservation Service, 1992, Soil Survey of Towner County, North Dakota. Hardcopy 
and electronically from http://nasis.nrcs.usda.gov/ 

D. Road Restoration 
1. For damage calculations it  was assumed that if the feature were temporarily closed, it  would be 

restored after the lake level has receded to the minimum road surface elevation less the assumed wave 
runup (the “Lake Damage Elevation”).   

2. Restoration damages were calculated assuming that the bituminous surfacing, shoulder and aggregate 
subgrade would be removed along with an additional 1.5 feet of embankment material.  Those 
materials would then be replaced in kind over a geotextile.  It  was assumed riprap would be placed on 
the lake side slope over geotextile from the road surface elevation to the bottom of the embankment 
replacement.  The riprap would be placed along the length of roadway lying below the receded lake 
damage elevation.  The receded lake damage elevation is defined as the receded lake elevation plus 
the calculated wind-induced wave height.  

E. Detours  
1. Detour damages were included for every year that the feature is temporarily closed, as well as for the 

first  year that the lake has receded.  It  was assumed that during the first  year after the lake has 
receded, the road would be under restoration.  During this first  year, there would be both a detour 
damage and restoration damage.  After this first  year, there would be no further detour or restoration 
damages unless the lake rises to within 1 foot of the road again. 

2. Restoration of a road would only occur after the lake has receded to 2 feet below the lowest elevation 
in that road.  This was based on the assumption that restoration would only occur when there is no 
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water on any part of the road and there would be only minor potential for wave action damage on the 
road. 

3. Detour damages were calculated using a cost of $7 per hour of additional travel t ime, 1.5 people per 
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).  
Additional t ime and miles traveled were taken from the results of the QRS II model used in Devils 
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering 
Company, January 1998.  The QRS II model determines the overall effect of a closed road on an 
entire network of traffic, incorporating the fact that traffic consists of trips having different origins 
and destinations. 

4. There is more commitment on the part of the North Dakota Department of Transportation (NDDOT) 
to the Highway 57 causeway than to the Highway 20 causeway through The Narrows.  Therefore, 
Highway 57 was assumed to be the detour route for the Highway 20 causeway.  If the Highway 57 
causeway was temporarily closed during flooding, it  was assumed that the Highway 20 causeway 
would also be temporarily closed. 

5. The detour route for Highway 57 is around the lake to the west via Highway 281 and Highway 19.  
Woods-Rutten Road was considered as a detour route for Highway 57, but it  was not retained as a 
viable alternative, because it  would have to be significantly raised and improved to carry the traffic of 
Highway 57. 

6. Detour paths were determined assuming that all other featured roads would be open (with three 
exceptions: the Highway 57 detour assumes that Highway 20 across The Narrows is closed and both 
the BIA 1 and the BIA 6 detours assume that Highway 20 from Highway 57 to Tokio is closed).  No 
effort was made to link detour routes with lake level.  However, if a featured road was presented as a 
detour route, an “ interdependency” was noted. 

7. The analysis of Features 23 (BIA 1 between Highway 57 and BIA 6) and Feature 24 (BIA 6 between 
Highway 20 and Fort Totten) assumed that Feature 22 (Highway 20 between Highway 57 and Tokio) 
is temporarily closed during high lake levels.  BIA 1 and BIA 6 are part of the north-south detour for 
Highway 20 and the preliminary analysis indicated that Feature 22 would likely be temporarily closed 
during high lake levels. 

8. Two features can have mutually interdependent detour routes if they are the most reasonable detours.  
In these cases, it  was assumed that either the analyzed feature or the other feature would be raised or 
rerouted.  In these cases, the interdependency was noted. 
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4.19 Summary of Infrastructure Protection Investigation for 
Feature 19:  ND Highway 1 

4.19.0 Flood Protection Strategy 
The flood protection strategy evaluated for ND Highway 1 was relocation of one reach of the 
highway.  The ND DOT has already implemented this strategy, so this Infrastructure Protection 
Study did not analyze the flood protection strategy with the largest net benefits for this feature. 

4.19.1 General Information  
Location:  Feature 19 is the portion of ND Highway 1 in Nelson County that begins at the 
southern ends of Sections 15 and 16 in Wamduska Township, and continues south to the southern 
end of the border between Sections 34 and 35.  It  extends approximately 3.4 miles across this 
stretch.  The accompanying Figure 4.19-1 shows the feature’s location and approximate extents, 
and the inundation extents at the three reference lake levels (1447, 1454, and 1463). 

Description:  ND Highway 1 in Wamduska Township is a two-lane bituminous-surfaced state 
highway.  The centerline elevation varies from a minimum of 1465 just east of the easternmost 
part of Stump Lake, to 1503 approximately 3 miles south of Stump Lake.  Average daily traffic 
counts for this feature were 638 in 1994 and 469 in 2002.   

Significance:  This portion of ND Highway 1 is important because it  is a major north-south 
traffic route for the area east of Devils Lake and Stump Lake. It  is vital to serving local 
transportation, agricultural needs, and moving products through the area. 

Damages:  The flooding of Feature 19 would result  in the following damages: 

•  Detour damages resulting from the added travel t ime and miles traveled when ND Highway 1 
is closed and traffic is detoured 

•  Restoration damages resulting from repairs that would be necessary to bring the highway 
back to a useable condition after a period of inundation 

O wner/Sponsor: The North Dakota Department of Transportation is responsible for managing 
and maintaining ND Highway 1. 

Lead Federal Agency:  The Federal Highway Administration would take the lead for ND 
Highway 1 for any flood protection work that may take place.  
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4.19.2 Feature Protection 
History of Flood Protection:  The ND DOT completed the realignment of 2.4 miles of ND 
Highway 1 in fall of 2002. The realignment involved abandoning a segment of the road inundated 
by the rising level of Stump Lake and relocating of that section of the road east of Stump Lake. 

General Protection Strategy:  The general protection strategy for this feature—already 
implemented—consists of road relocation. 

Protection Strategy by Action Level:  As can be seen on the decision tree for Feature 19, the 
protection strategy is the same regardless of the lake level. 

4.19.3 Design Considerations   

4.19.3.0 General Design  

This section summarizes the design information of the completed road realignment 
provided by NDDOT.  This information is based on the following plans: 

•  ND DOT Road Realignment in Nelson County. Project No. SER-3-001(010)150, 
dated 9/13/2001 

•  ND DOT Hot Bituminous Pavement in Nelson County. Project No. SER-3-
001(008)150, dated 9/13/2001 

Alignment 

Figure 4.19-1 shows the alignment of the relocated ND Highway 1.  The relocated 
roadway does not follow the original road alignment, but was moved farther to the east. 

Cross-Section 

Figure 4.19-3 shows a typical cross-section of the realignment.  This section is based on 
the ND DOT road realignment plans listed above.  The road width is 58 feet and has a 
paved width of 40 feet.  The shoulder side slopes are 6H:1V, while the embankment 
slopes vary from 2H:1V at the road’s highest section, to 6H:1V at its lowest section. 

Materials 

The relocated roadway fill was constructed from soils obtained from borrow areas 
adjacent to the realigned roadway. 

4.19.3.1 Site Geology 

No analysis of site geology was completed for ND Highway 1 because the realignment 
described has already been implemented. 
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4.19.3.2 Hydrology/Interior Drainage Issues 

No hydrology/interior drainage issues were examined for ND Highway 1 because the 
realignment has already been completed. 

4.19.3.3 Real Estate Requirements 

Minimum right-of-way requirements for the road raise are assumed to extend 15 feet 
beyond the toe on each side of the raised embankment.  The 15-foot buffer will provide 
sufficient room for temporary construction activities and long-term maintenance access. 

4.19.3.4 Environmental/Cultural issues 

No environmental/cultural analysis was completed for ND Highway 1 because the road 
raise and realignment described has already been implemented. 

4.19.3.5 Effects on Existing Infrastructure and Utilities 

No analysis of effects on existing infrastructure and utilit ies was completed for ND 
Highway 1 because the road raise described has already been implemented.   

4.19.3.6 Interdependencies 

The protection of ND Highway 1, by virtue of it  already being implemented, is not 
interdependent to the protection of any other features. 

4.19.3.7 O&M 

Operation and maintenance requirements were not examined for ND Highway 1 because 
the above-mentioned realignment has already been completed. 

4.19.3 Economics of Flood Protection 
Damages:  No damages analysis was completed for ND Highway 1 because the road relocation 
described has already been implemented. 

Costs:  The construction cost of providing flood protection for ND Highway 1 by realigning a 
segment of the road was $2.58 million for the grading and $395,000 for the pavement.  This was 
based on information provided by Brad Darr at the ND DOT.   

4.19.4  Economic Analysis Results 
No economic analysis was completed for ND Highway 1 because the road relocation described 
has already been implemented. 
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Attachment to 4.19: 
ND Highway 1 Infrastructure Protection Study Assumptions 

A. Existing Road Information 
1. Existing road elevations for the feature were obtained through contact with ND DOT representatives, 

primarily Brad Darr. 

2. Existing (relocated) road cross-section for the feature were based on construction drawing typical 
sections obtained from ND DOT/or their consultants including: 

•  ND DOT Road Realignment in Nelson County. Project No. SER-3-001(010)150, dated 
9/13/2001. 

•  ND DOT Hot Bituminous Pavement in Nelson County. Project No. SER-3-001(008)150, dated 
9/13/2001. 

B. Road Realignment 
No assumptions were necessary related to the road realignment because the strategy has already been 
implemented. 

C. Geotechnical 
No geotechnical analysis was completed for this feature. 

D. Road Restoration 
No restoration damages were calculated since an economic analysis was not completed for this feature. 

E. Detours  
No detour damages were calculated since an economic analysis was not completed for this feature. 
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4.22 Summary of Infrastructure Protection Investigation for 
Feature 22:  ND Highway 20 (ND Highway 57 to Tokio) 

4.22.0 Flood Protection Strategy 
The incremental flood protection strategy that was analyzed for ND Highway 20 (ND Highway 
57 to Tokio) was incremental road raises.  

4.22.1 General Information  
Feature Type:  Road  

Location:  ND Highway 20 (ND Highway 57 to Tokio) is located primarily in Mission 
Township, Benson County, on the Spirit Lake Nation Reservation.  The northern portion of the 
feature is located in Creel South Township, Ramsey County.  The feature extends 10.6 miles 
between ND Highway 57 at the northwest to the town of Tokio to the south.  The accompanying 
Figure 4.22-1 shows the feature’s location and extents, and the inundation extents at the three 
reference lake levels (1447, 1454, and 1463). 

Description:  ND Highway 20 (ND Highway 57 to Tokio) is a two-lane bituminous-surfaced 
state highway.  The centerline elevation varies from 1445 to 1495 near Tokio.  Portions of the 
roadway are acting as dams and other portions are currently being protected by roads that are 
acting as dams (see analysis of Feature 25).  Average daily traffic counts for this feature were 
1,070 in 1994 and 663 in 2002.    

Significance:  ND Highway 20 (ND Highway 57 to Tokio) is important because it  is the major 
north-south arterial route through the Devils Lake region.  It  provides primary access from the 
north and south between the City of Devils Lake and Mission Township and the eastern portion 
of the Spirit Lake Nation Reservation.  

Damages:  The flooding of ND Highway 20 (ND Highway 57 to Tokio) would result  in the 
following damages:  

•  Detour damages resulting from the added travel t ime and miles traveled when ND Highway 
20 (ND Highway 57 to Tokio) is closed and traffic is detoured 

•  Restoration damages resulting from repairs that would be necessary to bring the highway 
back to a useable condition after a period of inundation 

O wner/Sponsor:  The North Dakota Department of Transportation is responsible for managing 
and maintaining ND Highway 20 (ND Highway 57 to Tokio). 
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Lead Federal Agency:  The Federal Highway Administration would take the lead for ND 
Highway 20 (ND Highway 57 to Tokio) in any flood protection work that may take place.  

4.22.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for ND Highway 20 (ND Highway 57 
to Tokio) has consisted of raising the road to keep it  from being overtopped.  The most recent 
raise of ND Highway 20 occurred in 2001 when the Narrows bridge was constructed to 1465 and 
the adjacent road was raised to 1455 with a wide base to accommodate future raises to 1465.  In 
1999, a 3.7-mile segment of the road was raised from 1448.5 to 1452.5.  The 1999 raise locations 
(there were two separate segments) were on the north and east sides of Sections 3 and 4, and in 
Sections 26 and 35 in Mission Township.   

Emergency levees were constructed north and northeast of the east-west portion of ND Highway 
20 in 1997.  These levees currently protect the 2,000-foot section of the ND Highway 20 
immediately west of the road’s intersection with BIA Highway 9 that has a surface elevation at 
about 1445.  The western-most of the three levees, constructed along a township road in Section 
35 (T153N64W) was raised to 1447.6 in 1998 and 1452, its current crest elevation, in 2001.  The 
other two levee sections, located in Section 35 (T153N64W) and Section 31 (T153N63W) were 
also raised in 1998 and 2001, to 1449 and 1453, respectively.   

General Protection Strategy:  The Infrastructure Protection Study’s analysis for ND Highway 
20 (ND Highway 57 to Tokio) considered one incremental flood protection strategy ND Highway 
20 (ND Highway 57 to Tokio).  That flood protection strategy was the only strategy that was 
feasible both from an economic and a constructability standpoint.  The first  action level for that 
strategy involved raising the road to a minimum road surface elevation of 1457.5.  This 
constitutes a 5-foot raise for the majority of the roadway being raised and a 12.5-foot raise for the 
2,000-foot section with current road surface at 1445. 

Protection Strategy by Action Level:  Figure 4.22-2 shows the decision tree for ND Highway 
20 (ND Highway 57 to Tokio).  As shown on Figure 4.22-2, the stepwise approach to flood 
protection for ND Highway 20 (ND Highway 57 to Tokio) consists of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the road would be raised to 
1457.5 or whether the road would be temporarily abandoned 

2. If the road were raised at AL1, a decision would be made at Action Level 2 (AL2) whether to 
raise the road to 1462.5, or to temporarily close the road 

3. If the road were raised at AL2, a decision would be made at Action Level 3 (AL3) whether to 
raise the road to 1465, or to temporarily close the road 
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The pertinent reference elevations for implementing each increment of flood protection strategy 
are given below: 

Reference Elevations for Feature 22 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
1445 1457.5 1462.5 Low Structure Elevation Low sill on lowest building or 

minimum road elevation 
Current 1451.5 1456.5 Lake Damage Elevation Lake elevation at which damage to 

roadway occurs 
(a 6-foot wave runup was calculated for this 
feature) 

Current N/A N/A Project Completion 
Elevation 

Lake elevation at which levee 
construction must be complete 

Current 1454.5 1459.5 Construction Initiation 
Elevation 

Lake elevation at which road raise 
construction must begin. 
(The current trigger for release of emergency 
highway funds for road raises is when the lake 
level reaches within 3 feet of the minimum 
road surface.) 

Current 1452 1458 Planning and Design 
Initiation Elevation 

Lake elevation at which planning and 
design process must begin 

 

4.22.3 Design Considerations   
Sections 4.22.3.0 through 4.22.3.10 describe the analysis of the design of flood protection 
measures, as well as other considerations (geotechnical, environmental, etc.) necessary to make 
the cost estimates for the first  action level.  Section 4.22.3.11 describes the abbreviated cost 
estimating method for subsequent action levels. 

4.22.3.0 General Design  

Alignment 

Figure 4.22-1 shows the alignment of the existing ND Highway 20 (ND Highway 57 to 
Tokio).  The raised roadway will follow the same alignment.   

The length of ND Highway 20 between ND Highway 57 and Tokio is approximately 10.6 
miles.  Two segments of the highway, both in Mission Township, are currently below the 
planned 5-foot raise to 1457.5. 

Figure 4.22-4 shows the existing road profile and the raised road profile. 
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Cross-Section 

Figure 4.22-3 shows a typical cross-section of the proposed road raise.  The raise will 
maintain the existing road centerline.  Fill will be placed on each side of the existing 
embankment wide enough to provide a base width to accommodate potential future raises 
to an ultimate road surface at 1465.  This section is based on the typical section shown in 
the plans of the 1999 raise, which was provided by the North Dakota DOT.  The road top 
(pavement) width is assumed to be 40 feet with a 6-foot shoulder on each side for a total 
road width of 52 feet.  The side slopes are 6H:1V on both the sides above elevation 
1454.8, and are 3H:1V on both the sides below elevation 1454.8.  The minimum raised 
road elevation is assumed to be 1457.5, a 5-foot raise from the current minimum road 
surface elevation.  It  was assumed that unsuitable fill foundation material, averaging 
1 foot in depth, would be stripped along the existing embankment toes prior to placement 
of road fill.  

Materials 

It was assumed that the roadway fill would be constructed from readily available native 
silty clay and clay loam.  These materials are suitable for road embankment construction.  
The top 12 inches of the roadway section will be constructed of commercially available 
aggregate surface course material.  Two inches of commercially available hot bituminous 
pavement will be applied on top of the aggregate, creating the final road surface. 

Erosion Protection 

On the lake side, riprap was assumed to be placed over geotextile (no additional bedding 
material) from the existing top edge of riprap all the way to the roadway crest.  On the 
land side, riprap was assumed to be placed over geotextile from 1.5 feet below the crest 
(vertically) and extend 20 feet down slope (slope distance).  No topsoil or seeding was 
assumed for the raised roadbed. 

Riprap sizing and thickness was determined using COE methods described in EM1110-2-
1601, with wave height based on a COE Report t it led Devils Lake, North Dakota, Wind-
Induced Changes in Water Elevations, revised September 1998.  The riprap design, based 
on the fetch, depth of water, and the side slope, is summarized in the table below.   

Wave  
Wind-Induced 

Height (ft.) 
Riprap size 
(D50, inches) 

Riprap Thickness 
(ft.) 

Maximum Predicted 6 30 4 
Typical Design 3 15 2 
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Prevailing winds in the region are from the northwest and southeast, and so have a large 
effect on waters with large fetches open in those directions.  The maximum predicted 
wave height is large because a limited portion of ND Highway 20 is exposed to a very 
long fetch of water in the southeast direction.  Typical wave height is assumed to be 
3 feet for the damage cost estimates.  However, the action levels are based on the 
maximum predicted wave height. 

4.22.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area are part of the Coleharbor 
Formation. 

This highway alignment is underlain by (1) boulder clay till in a low-relief stagnation 
moraine and (2) silt  and clay facies representing lake bed deposits.  All of these deposits 
are in the Coleharbor Formation.  The till is generally composed of silty clay with sand, 
pebbles, cobbles, and boulders (CL, CL-ML).  This deposit  is yellowish brown in the 
oxidized zone in the uppermost 10 to 25 feet near the ground surface, and olive gray at 
depth.  The glacial deposits range from about 90 to >200 feet in thickness.  It  is likely that 
some sand and gravel outwash units are present at depth (the log of a well at 152-63-
10DAC indicates the section is mostly sand and gravel at that location).  The bedrock is 
Cretaceous Pierre Shale. 

Silt  and clay facies (ML, CL CL-ML, CH, OL) are lake bed deposits 0 to +5 feet thick.  
These were deposited during prehistoric high stands of the lake (prehistoric Lake 
Minnewaukan).  These are present above the till beneath nearly 60 percent of the 
impacted alignment sections of highway.  These include a relatively large amount of fat 
clays and organic clays and silts along this alignment.  Sand beach deposits (SP, SP-SM) 
are present in some places at the edge of the lake bed deposits (0 to +5 feet thick). 

It is assumed 12 soil borings will be sufficient to characterize this alignment.  The 
impacted alignment crosses approximately 17,000 feet of lake bed deposits, which may 
be poor subgrade due to softness. 

4.22.3.2 Hydrology/Interior Drainage issues 

It is assumed that culverts will be placed through the raised roadway embankment to 
allow for water level equalization on both sides of the roadway.  Any existing culverts 
through the raised roadway were assumed to have been previously filled and abandoned 
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in place.  Four new RCP culverts are assumed to be placed at the existing road elevation 
through the roadway embankment at the following locations: 

1. Approximately 1,400 feet from the western end of the northern raise 

2. Approximately 2,900 feet north of the BIA Highway 4 intersection 

3. Approximately 3,400 feet from the northern end of the southern raise section 

4. Approximately 7,400 feet south of the northern end of the southern raise section 

4.22.3.3 Real Estate Requirements 

Right-of-way requirements for the road raise are assumed to extend 15 feet beyond the 
land side toes of the raised embankment.  The 15-foot buffer will provide sufficient room 
for temporary construction activities and long-term maintenance access. 

4.22.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses, surrounding ND Highway 20 (ND Highway 57 to Tokio), appear to be 
predominantly agricultural or tree-covered with scattered rural residences and farms.  
Land use does not appear to have changed significantly since the 1950s. 

The regulatory record review for zip code 58370 was obtained from FirstSearch on 
September 24, 2002.  No facilit ies appear to be located within the impact area. 

Three potential HTRW sites identified along the feature alignment are listed below and 
shown on Figure 4.22-1:   

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category HTRW Costs 
22-1-1 1 Excavation or Fill Areas  $500 
22-1-2 1 Nonresidential Properties  $1,500 
22-1-3 1 Rural Residences & Farmsteads  $500 

A more detailed description of site history and a breakdown of costs are in Appendix C.  
A description of environmental concerns associated with these categories is in Section 
4.0. 
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Cultural 

This project has the potential to affect ten known sites and three site leads/isolated finds 
as shown on Figure 4.22-1.  Three of the known sites (32BE0048, 32BE0051, and 
32BE0052) are historical archaeological sites that were surface collected but for which 
eligibility was not determined.  Five of the known sites (32BE0063, 32BE0092, 
32BE0093, 32BE0416, and 32RY0319) are architectural sites.  Site 32BE0063 is a recent 
farmstead with a historical barn that was recommended as not eligible for listing on the 
NRHP.  Christ the King Catholic Church (32BE0092) and Assembly of God Church 
(32BE0093) were recorded as part of the “Picture North Dakota Churches!” project 
sponsored by the State Historical Society of North Dakota, but they were not evaluated 
for their potential eligibility for listing on the NRHP.  Yankton Cabins (32BE0416) is 
likely associated with an artifact scatter, given that the 1997 database notes “surface 
collection” there.  A recommendation of eligibility has not been made for this site.  
Devils Lake Carnegie Library (32RY0319) has been nominated to the NRHP.  Site 
32BE0406 (Ironhawk Site) is the only known prehistoric archaeological site that may be 
impacted by the ND Highway 20 (ND Highway 57 to Tokio) project.  This site was 
surface collected and recommended as not eligible for listing on the NRHP.  The final 
known site relevant to this project is 32BE0085, a scatter of non-diagnostic lithic artifacts 
and a bone fragment that was recommended as not eligible for listing on the NRHP. 

The site lead that may fall within the ND Highway 20 (ND Highway 57 to Tokio) area of 
potential impact is 32BEX0004 (Tokio Townsite), a historical archaeological site lead 
associated with the historical context of “Farming.”  Two isolated finds, 32BEX0130 and 
32BEX0131, may also fall within the project APE.  Isolated find 32BEX0130 is 
comprised of “two old car bodies and a possible homesite” (NDCRS Form, 32BEX0130, 
on file at the SHSND), while 32BEX0131 is comprised of an old stove and scattered 
metal fragments.  Additional archaeological work was not conducted in the vicinity of 
these finds.  Therefore, recommendations of eligibility were not made for either of these 
isolated finds. 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 
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Feature 22 ND Highway 20 (ND Highway 57 to Tokio): Evaluation Status of Known 
Cultural Resources 

Resource Type 

Resources 
Listed on or 
Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 

(Require Phase I Survey) 
Architectural  1 1 3 
Archaeological 0 2 3 
Architectural Site 
Leads/Isolated Finds 

0 0 0 

Archaeological Site 
Leads/Isolated Finds 

0 0 3 

Total 1 3 9 

 

The estimated cost to conduct Phase 1 Surveys for each of the 9 sites is presented in the 
following table.  The total cost for all surveys is $72,600.  As noted in Section 4.0, these 
costs are believed representative of the cultural resources investigations needed for the 
next stage of study. 

Feature 22 ND Highway 20 (ND Highway 57 to Tokio): Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0092 Phase I Architectural $6,200 
32BE0093 Phase I Architectural $6,200 
32BE0416 Phase I Architectural $6,200 
32BE0048 Phase I Archaeological $8,000 
32BE0051 Phase I Archaeological $8,000 
32BE0052 Phase I Archaeological $8,000 
32BEX0004 Phase I Archaeological $14,000 
32BEX0130 Phase I Archaeological $8,000 
32BEX0131 Phase I Archaeological $8,000 

 
Environmental  

Fill used for the construction of the road raise and relocation could cause environmental 
impacts due to encroachment upon wetlands and upland plant communities.  The natural 
resources within the right-of-way of ND Highway 20 (ND Highway 57 to Tokio) to be 
raised include wetlands, oak forest/woodlands, and grasslands.  The acres of habitat 
impacted by land use category are shown on Figure 4.22-1.  A total of 5.67 acres of 
wetland impacts are expected from the proposed infrastructure protection measures.  In 
the 5.67 acres of impacted wetlands 0.44 acres have easements on them.  Complete or 
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partial loss of wetland functions and conversion to upland due to filling is possible in 
some locations.  In areas where some hydrology is maintained and wetland conditions 
remain, changes in plant community and hydrology could lead to a wetland type change.  
The loss of wetland area would impact waterfowl, marsh bird and songbird-nesting areas, 
as well bring about impacts to reptile and amphibian populations due to habitat 
fragmentation and loss.  These environmental impacts are more fully detailed in the 
general impacts discussion Section 4.0.  This loss of wetland would require 10.90 acres 
of mitigation wetlands as set forth in the project mitigation policy developed through 
consultation with the Corps and FWS. 

In the upland areas a loss of native species due to grading and filling could be expected to 
occur.  Subsequent re-vegetation of fill or borrow locations may allow for the 
introduction of weedy, non-native species.  A loss of native tree species due to grading 
and filling, as well as the introduction of weedy, non-native under-story species could 
also be expected in these areas.  These environmental impacts are more fully detailed in 
the general impacts discussion Section 4.0.  Environmental impacts to 1.66 acres of oak 
forest/oak woodland, 2.32 acres of grasslands under easements, 24.05 acres of other 
grassland habitat acres and 0.05 acres of the grassland habitat impacts within the 
boundaries of a WPA would result  from measures undertaken at this location.  There are 
also 0.33 acres of cover crop under easements that would be impacted from the proposed 
infrastructure protection measures in this location.  The loss of woodland areas would 
impact songbird nesting and small mammal populations, as well impacting reptile and 
amphibian populations due to habitat fragmentation.  Mitigation activities would require 
the acquisition of 3.32 acres of oak forest/oak woodland, 49.47 acres of grasslands habitat 
and 0.33 acres of cover crop of like upland habitat replacement for these impacts. 

4.22.3.5 Effects on Existing Infrastructure and Utilities 

Utility poles are located along the roadway in the southern raise section, and were 
assumed to be relocated prior to placing embankment fill along the road segments.  
Buried electric lines along the roadway of the northern raise area were also assumed to be 
replaced as part of the raise.  Buried telephone was assumed to be replaced as part of both 
raise sections. 

Replacement of local driveway access to adjacent properties was not considered as a 
separate cost item, but is considered incidental to the other construction items.  With the 
exception of drainage culverts discussed above, no other infrastructure or utilit ies are 
expected to be impacted. 
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4.22.3.6 Interdependencies 

The protection of ND Highway 20 (ND Highway 57 to Tokio) is related to the protection 
of several other features.  The following features are functionally dependent on ND 
Highway 20 (ND Highway 57 to Tokio), and would be affected if it  were temporarily 
closed: 

•  Feature 2: City of Devils Lake 

•  Feature 3: Fort Totten 

•  Feature 5: St. Michael 

•  Feature 6: Gilbert C. Grafton Military Reservation – Camp Grafton has a separate 
training area that is located south of the lake 

If ND Highway 20 (ND Highway 57 to Tokio) were temporarily closed, the following 
roads would either experience increased traffic as a detour routes or decreased traffic as 
travel is routed to other roadways: 

•  Feature 14: ND Highway 57 – If ND Highway 20 (ND Highway 57 to Tokio) is 
temporarily closed, ND Highway 57 is impacted because its eastern terminus is at its 
junction with ND Highway 20 

•  Feature 23: BIA Highway 1 – If ND Highway 20 (ND Highway 57 to Tokio) is 
temporarily closed, BIA Highway 1 becomes critical for carrying north-south traffic 
in the Devils Lake area 

•  Feature 24: BIA Highway 6 – BIA Highway 6 shares a major intersection with ND 
Highway 20 (ND Highway 57 to Tokio), so traffic on BIA 6 will be impacted by 
decisions regarding ND Highway 20 (ND Highway 57 to Tokio) 

Feature 25: Roads Acting as Dams – If lake levels rise and the water levels on each side 
of any nearby roads acting as dams are allowed to equalize, the raising of ND Highway 
20 (ND Highway 57 to Tokio) will be necessary to allow its continued use.  However, if 
appropriate levee protection along the roads currently acting as dams is provided, 
portions of ND Highway 20 (ND Highway 57 to Tokio) would be protected by those 
levees.  In that case, the ND Highway 20 (ND Highway 57 to Tokio) may not require as 
much raised length. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 
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4.22.3.7 O&M 

Operation and maintenance requirements for the raised roadway would be similar to the 
unimpacted roadway with respect to road surface maintenance and shoulder and slope 
mowing.  The increase in O&M on the adjacent routes that are used as detours would be 
approximately equal to O&M on the temporarily closed road.  Additional maintenance 
requirements for the raised roadway sections would include maintenance of the riprap on 
both the lake and land sides.  Annual maintenance costs for the riprap have been 
estimated at 0.5 percent of the initial construction cost.  The O&M costs were not 
included in the economic analysis due to limitations of the Feature Analysis Model. 

4.22.3.8 Lead Time Required 

The raising of ND Highway 20 (ND Highway 57 to Tokio) could be completed in one 
construction season.  A lead time of about twelve months would be necessary for final 
design, preparation of construction documents and bidding.  Total t ime between initiation 
of final design and substantial completion of construction would be in the range of 18 to 
24 months. 

4.22.3.9 Potential Problems and Risks 

Potential problems and risks associated with the road raise include: 

•  Road embankment fill into water will make compaction and quality control difficult  

•  Foundation conditions will be difficult  to assess prior to actual construction 

•  Utilit ies will need to be relocated 

4.22.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with raising ND 
Highway 20 (ND Highway 57 to Tokio): 

•  Locations of buried utilit ies, if any 

•  Soil borings along toes of existing road embankment 

•  Precise location and evaluation of nearby cultural resources 

4.22.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 22, an abbreviated method was necessary for 
examining the costs of infrastructure protection at action levels above the first .  The 
estimated costs at action levels subsequent to the first  are presented in Table 4.22-2b.  
Estimates of benefits—damages prevented—for subsequent action levels were made in 
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the same manner as for the first action level.  The damage estimates for all action levels 
are shown in Table 4.22-1.   

The same general approach to calculate costs was used for the subsequent action levels.  
Unit prices were not changed.  However, some of the items were simply extrapolated for 
the higher action levels, rather than being calculated in detail.  The relevant design and 
cost assumptions for the abbreviated method are listed below. 

Design Assumptions 

•  Raise elevations  

Action Level 2:  5-foot raise to 1462.5 

Action Level 3:  2.5-foot raise to 1465 

•  Cross-section   

Action Level 2:  47-foot top width, 3H: 1V side slopes, centerline-aligned raise 

Action Level 3:  32-foot top width, 3H: 1V side slopes, centerline-aligned raise 

•  Length   

Action Level 2:  Total length of raised roadway 33,500 feet 

Action Level 3:  Total length of raised roadway 34,050 feet 

•  Impacted Area 

Action Level 2:  Incremental area impacted by raised roadway- 1.3 acres 

Action Level 3:  Incremental area impacted by raised roadway- 0.5 acres 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.22-2b.  The geological/geotechnical and 
environmental quantities and costs were estimated in proportion to the Action Level 1 costs 
as described in Section 3.2.13. Real Estate costs were assumed to be the same for each raise. 

4.22.4 Economics of Flood Protection 
Damages:  For ND Highway 20 (ND Highway 57 to Tokio), the damages resulting from flooding 
were estimated up to the maximum lake level (1463).  The damage computations for ND 
Highway 20 (ND Highway 57 to Tokio) are summarized in the accompanying Table 4.22-1. 
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The top portion of Table 4.22-1 gives a summary of the annual detour damages that would occur 
during the years when the highway was flooded.  It  also shows road restoration damages that can 
be expected when the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives quantities 
in terms of miles per year (of extra miles traveled as a result of detours) and hours per year (of 
additional travel t ime resulting from detours) for the detour damages.  Also shown are quantities 
and line-item damages for excavation, geotextile fabric, aggregate base course, fill, bituminous 
pavement, and riprap for road restoration work when waters recede. 

The unit prices for all the damage computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for ND Highway 20 (ND Highway 57 to Tokio) are listed in the 
Feature 22 Assumptions listing, appended to this Section 4.22. 

Costs: The costs of providing flood protection for ND Highway 20 (ND Highway 57 to Tokio) 
are detailed in the accompanying Table 4.22-2a for the first  action level and Table 4.17-2b for the 
subsequent action levels.  Quantities and line-item totals are listed.   

The top portion of the table gives the costs of providing flood protection (as represented in the 
analysis) by action level.  The lower portion of the table gives a breakdown of the quantities and 
costs by line item. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for ND Highway 20 (ND Highway 57 to Tokio) are listed in the 
Feature 22 Assumptions listing, appended to this Section 4.22. 

Contingencies: The contingency percentages used for construction materials ranged from 30 to 
50 percent (Table 4.22-2).  Contingencies for riprap, fill material, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices. 

4.22.5  Economic Results 
The flood protection strategy that was analyzed was incremental road raises, which is highlighted 
on the decision tree (Figure 4.22-2).  The results of the Infrastructure Protection Study for ND 
Highway 20 (ND Highway 57 to Tokio) are listed in Table 4.22-3a for the analysis of all action 
levels and in Table 4.22-3b for the analysis of the first action level. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for ND Highway 20 (ND Highway 57 to Tokio), the 
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Infrastructure Protection Study analysis provided relevant economic indices for the incremental 
road raise strategy.  The annual net benefits for this approach were less than zero (-$592,300).  
The BCR for this approach was less than one (0.50).  These results indicate that this strategy is 
not economically justified.  The present worth annualized detour damages that would be 
prevented by this strategy were computed to be $247,600.  The stochastic results are averages 
over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  The incremental road raise strategy was 
also analyzed under each of three specific climate futures.  For ND Highway 20 (ND Highway 57 
to Tokio), the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the 
road were -$1,210,800, and the BCR was 0.34, indicating that this strategy was not 
economically justified.  No restoration damages are listed under this scenario, indicating that 
the water level never recedes below the first  action level.  For this future, the present worth 
annualized detour damages that would be prevented were computed at $260,200. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of raising the road were -$54,200, and the BCR was 0.95, indicating that this strategy 
was not economically justified.  For this future, the present worth annualized detour damages 
that would be prevented were computed at $244,100. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the road were -$902,500, and the BCR was 0.40, indicating that this 
strategy was not economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $488,700. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for ND Highway 20 (ND Highway 57 to Tokio), the 
Infrastructure Protection Study analysis also provided relevant economic indices for the first 
incremental road raise.  The annual net benefits for this approach were less than zero (-$532,300).  
The BCR for this approach was less than one (0.51).  These results indicate that this strategy is 
not economically justified; the results are similar to the results based on all action levels.  The 
present worth annualized detour damages that would be prevented by this strategy were computed 
to be $247,600.  The stochastic results are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  The first  incremental road raise was also 
analyzed under each of three specific climate futures.  For ND Highway 20 (ND Highway 57 to 
Tokio), the economic indices for each of the three climate futures are as follows: 
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•  Wet Future – Under the wet future climate scenario, the average net benefits of raising the 
road were -$826,000, and the BCR was 0.24, indicating that this strategy was not 
economically justified.  No restoration damages are listed under this scenario, indicating that 
the water level never recedes below the first  action level.  For this future, the present worth 
annualized detour damages that would be prevented were computed at $260,200. 

•  First Moderate Future – Under the first moderate future climate scenario, the average net 
benefits of raising the road were -$54,200, and the BCR was 0.95, indicating that this strategy 
was not economically justified.  For this future, the present worth annualized detour damages 
that would be prevented were computed at $244,100. 

•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of raising the road were -$597,500, and the BCR was 0.45, indicating that this 
strategy was not economically justified.  No restoration damages are listed under this 
scenario; the lake level exceeds the second action level, and restoration damages would be a 
function of the subsequent action levels1.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $488,700. 

                                                 
1 For analysis of the first action level, it was assumed that restoration damages would be attributable to the first 
action level only if the lake level never reached the subsequent action levels.   See Section 3.2.2.1 for further 
discussion of this assumption. 
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Figure 4.22-2

DECISION TREE
FEATURE 22: ND HIGHWAY 20

(ND Highway 57 to Tokio)
Devils Lake Infrastructure Protection Study







DAMAGES

Annual Detour Damages

Damage Value 
(THOUSANDS)

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

$611 20,000 $4,256
$611 25,000 $4,785
$611 29,880 $5,301
$611 32,840 $5,614
$611 36,230 $5,973
$611 38,440 $6,206
$611 39,680 $6,338
$611 40,460 $6,420
$611 40,790 $6,455
$611 41,120 $6,490
$611 41,440 $6,524
$611 41,770 $6,559
$611 42,100 $6,594
$611 42,420 $6,628
$611 42,750 $6,662
$611 43,070 $6,696
$611 43,400 $6,731
$611 43,730 $6,766
$611 44,060 $6,801

DAMAGE BREAKDOWN

Description Quantity Unit Unit Cost Value
(THOUSANDS)

Hours/Year 23,410 HR $7.13 $167
Miles/Year 1,287,320 MILE $0.35 $444

$611

Item Unit Cost Contingency Value per LF of Road
Excavation 4.07 CY/LF $3.50 30% $19

Fill Material 2.36 CY/LF $5.00 30% $15
Geotextile Fabric 4.67 SY/LF $2.00 30% $12

Aggregate Base Course 1.55 CY/LF $20.00 30% $40

Bituminous 0.30 Tons/LF $50.00 30% $20
$106

Item Unit Cost Contingency Total Value for Road
Riprap 1.25 CY/LF $40.00 30% $1,942,200

Geotextile Fabric 2.54 SY/LF $2.00 30% $197,328
$2,139,528

Table 4.22-1

Flood Damages 
Feature 22: ND Highway 20 (ND Highway 57 to Tokio)

Restoration Damages

Lake Elevation 
(MSL)

Devils Lake Infrastructure Protection Study

1458

1460
1461

1464

1462
1463

1449
1450
1451

For use under riprap restoration

Total

1452

1454

1465

1456
1457

Total

Restoration 
Damages

Description Quantity per LF of Road
Removal of existing bituminous (26' X 
0.17'), existing shoulder (3' X 0.5' ea. side), 
existing aggregate base (41' X 1'), and top 
1.5' of existing road embankment fill
Replace top 1.5' of roadway embankment
Place geotextile beneath new aggregate 
base
Replace 1' of subgrade and shoulders (3' X 
0.5' ea. side)
Replace 0.17' of bituminous pavement

1447
1448

Quantity per LF of Road
Place riprap from road surface elevation to 
bottom of embankment replacement for 
lowest impacted roadway length

Total
Description

1453

1455

Annual Detour 
Damages

1459
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R (1)

Maximum Raise at AL1
(THOUSANDS)

$17,858

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Road Raise Raise Top of Road to Elevation 1457.7

Performance/Payment Bond 1 JB $99,409 10% $109
Clearing and Grubbing 0.2 AC $3,000 30% $1
Stripping 36,000 CY $1.50 30% $70
Geotextile Fabric 134,500 SY $2.00 30% $350
Aggregate Base Course 55,000 CY $20 30% $1,430
Fill Material 1,018,000 CY $5.00 45% $7,381
Bedding 0 CY $35 30% $0
Riprap 77,000 CY $40 40% $4,312
Bituminous Pavement 9,500 TON $50 30% $618
Culverts 350 LF $50 30% $23
Topsoil 0 CY $2.50 30% $0
Seed 0.0 AC $1,000 30% $0
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 12 EA $1,000 50% $18
Environmental Impacts
Mitigation 1 LS $22
HTRW 1 LS $3
Cultural Resources Investigation 1 LS $73

$14,408
Engineering and Design 15% $2,161
Supervision and Administration 8% $1,153
Real Estate Acquisition for ROW 1 LS $136

$17,858

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$71AL1

Table 4.22-2a

Flood Protection Costs
Feature 22: ND Highway 20 (ND Highway 57 to Tokio)

Action Level

Description

AL1

Subtotal

Action Level

Total Road Raise

Devils Lake Infrastructure Protection Study

R(1)
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R (2)

Maximum Raise at AL2

$14,852
$0

COST BREAKDOWN

Quantity Units Unit Contingency Value Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise Raise Top of Road to Elevation 14xx Raise Top of Road to Elevation 14xx

Performance/Payment Bond 1 JB $83,112 10% $91 Performance/Payment Bond 1 JB $29,032 10% $32
Clearing and Grubbing 0.0 AC $3,000 30% $0 Clearing and Grubbing 0.0 AC $3,000 30% $0
Stripping 2,100 CY $1.50 30% $4 Stripping 0 CY $1.50 30% $0
Geotextile Fabric 205,500 SY $2.00 30% $534 Geotextile Fabric 52,000 SY $2.00 30% $135
Aggregate Base Course 56,500 CY $20 30% $1,469 Aggregate Base Course 39,500 CY $20 30% $1,027
Fill Material 297,000 CY $5.00 45% $2,153 Fill Material 145,000 CY $5.00 45% $1,051
Bedding 0 CY $35 30% $0 Bedding 0 CY $35 30% $0
Riprap 122,000 CY $40 40% $6,832 Riprap 20,000 CY $40 40% $1,120
Bituminous Pavement 13,500 TON $50 30% $878 Bituminous Pavement 12,500 TON $50 30% $813
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Topsoil 0 CY $2.50 30% $0 Topsoil 0 CY $2.50 30% $0
Seed 0.0 AC $1,000 30% $0 Seed 0.0 AC $1,000 30% $0
Geotechnical Geotechnical 
Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 2 EA $1,000 50% $3 Borings 1 EA $1,000 50% $2
Environmental Impacts Environmental Impacts
Mitigation 0 LS $0 Mitigation 0 LS $0
HTRW 0 LS $0 HTRW 0 LS $0
Cultural Resources Investigation 0 LS $0 Cultural Resources Investigation 0 LS $0

$11,965 $4,179
Engineering and Design 15% $1,795 Engineering and Design 15% $627
Supervision and Administration 8% $957 Supervision and Administration 8% $334
Real Estate Acquisition for ROW 1 LS $136 Real Estate Acquisition for ROW 1 LS $136

$14,852 $5,277

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$59
$21

Total Road RaiseTotal Road Raise

Action Level
(THOUSANDS)

$0

AL3

Table 4.22-2b

Flood Protection Costs
Feature 22: ND Highway 20 (ND Highway 57 to Tokio)

Devils Lake Infrastructure Protection Study

R(3)
Description

Subtotal

R (3)

Maximum Raise at AL3

AL2

Action Level

Description

AL2

Subtotal

R(2)

AL3 $5,277
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $314,800 $247,600 $0 $562,400 $0 $0 --

R(3) 3 Incr. Road Raises $1,183,500 $0 $1,183,500 $0 $0 $0 $0 $591,200 -$592,300 0.50

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $260,200 $0 $260,200 $0 $0 --

R(3) 3 Incr. Road Raises $1,821,800 $0 $1,821,800 $0 $0 $0 $0 $611,000 -$1,210,800 0.34

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $787,900 $244,100 $0 $1,032,000 $0 $0 --

R(3) 3 Incr. Road Raises $1,086,200 $0 $1,086,200 $0 $0 $0 $0 $1,032,000 -$54,200 0.95

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $78,800 $488,700 $0 $567,500 $0 $0 --

R(3) 3 Incr. Road Raises $1,503,400 $0 $1,503,400 $0 $0 $0 $0 $600,900 -$902,500 0.40

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.22 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 22: ND Highway 20 (ND Highway 57 to Tokio)

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $302,600 $247,600 $0 $550,200 $0 $0 --

R(1) 1 Incremental Road Raise $1,082,500 $0 $1,082,500 $0 $0 $0 $0 $550,200 -$532,300 0.51

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $260,200 $0 $260,200 $0 $0 --

R(1) 1 Incremental Road Raise $1,086,200 $0 $1,086,200 $0 $0 $0 $0 $260,200 -$826,000 0.24

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $787,900 $244,100 $0 $1,032,000 $0 $0 --

R(1) 1 Incremental Road Raise $1,086,200 $0 $1,086,200 $0 $0 $0 $0 $1,032,000 -$54,200 0.95

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C I = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $488,700 $0 $488,700 $0 $0 --

R(1) 1 Incremental Road Raise $1,086,200 $0 $1,086,200 $0 $0 $0 $0 $488,700 -$597,500 0.45

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Stochastic Analysis (ST-9)

Strategy COSTS DAMAGES
Mean Value over 10,000 Traces (Annual)

Table 4.22 - 3b

Economics Results:  First Action Level
Feature 22: ND Highway 20 (ND Highway 57 to Tokio)

Devils Lake Infrastructure Protection Study
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Attachment to 4.22: 
ND Highway 20 (ND Highway 57 to Tokio) Infrastructure Protection 
Study Assumptions 

A. Existing Road Information 
1. Existing road elevations for the feature were obtained through contact with ND DOT representatives, 

primarily Brad Darr. 

2. Existing road cross-section for the feature were based on construction drawing typical sections 
obtained from ND DOT/or their consultants including: 

•  ND DOT Plan: Project No. SS-3-020(055)088, 5/25/99 

3. Existing road centerline profiles for the features evaluated were obtained from the plans listed above.  
Plan elevation data was assessed for reasonableness by comparing to the 2000 FEMA LIDAR 
topography.  Where necessary, road plan elevation information was supplemented with the LIDAR 
information. 

B. Road Raise 
1. The road raise was assumed to be 1457.5 from existing road surface elevation.  

2. Cross-Section – The future road raise cross-section was based on discussions with ND DOT staff and 
the most recent typical raise sections that have been completed on the highway provided by ND DOT 
(primarily Leo Boyle) and/or their consultants.  It  was assumed that the wide base roadway would be 
implemented on the next raise, and therefore is the basis of the raised road cross-section.  The plans 
referenced included: 

•  ND DOT Plan: Project No. SS-3-020(055)088, 5/25/99, Sheet 6 of 18 

3. Profile – 

•  Adjacent ground elevations obtained from 2001 LIDAR topography prepared for FEMA 

•  Existing road surface elevations from the following construction drawings: NDDOT Construction 
Drawings for Project No. SS-3-020(055)088 dated 5-25-99, and the above LIDAR Data 

•  Raised road surface elevation based on assumed 5-foot raise 

•  Stationing based on the stationing used in the above-referenced drawings 

4. No topsoil or seeding was assumed for the road raise because of the width of the road shoulder and 
the height of riprap placement. 
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5. It  was assumed that four culverts would be placed in four individual low areas to provide flow 
equalization.  It  is assumed that any existing culverts were left  in place, and that the four new culverts 
would be located at an elevation equal to the existing road surface elevation. 

C. Geotechnical 
1. The scope and cost of geotechnical mitigation are related to: (1) number of borings and soil tests, and 

(2) soft soils that may require excavation and/or additional construction material, 

2. While the county soil surveys have similar descriptions of the subgrade characteristics of glacial till 
and lake bed deposits (Severe: low strength), experience in the Devils Lake area has indicated that 
most t ill deposits are better subgrade than lake.  The potential thickness of soft-soil deposits has been 
estimated based on descriptions of the lake bed deposits in the geologic and soils reports. 

3. The potential extents of sand deposits have been estimated based on descriptions in the soils reports.  
It  is likely that in some locations, the surficial sand deposits, typically assumed herein to beach 
deposits, may be continuous with subsurface sand and gravel deposits (glacial outwash).  As such, 
some of the sand deposits may be of much greater extent vertically and laterally (buried) than has 
been assumed herein.  

4. It  is assumed that a soil boring will be completed approximately every 1,000 feet of road length.  
Additional borings will be completed in areas of critical soils.  Each soil boring and associated 
observation and testing will cost $2,000. 

5. Cut off walls are estimated to be $6/square foot based on past work at Devils Lake. 

6. In instances where construction may be completed in the wet, it  is assumed that soft soil will not be 
excavated, but instead may be displaced by new fill.  In those instances, additional fill contingency is 
added based on the percentage of the feature alignment that is underlain by potentially soft soil. 

7. The subgrade conditions along the alignment of this feature are based upon review of: 

•  Carlson, C.G. and T .F. Freers, 1975. Geology of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey, Bulletin 59 – Part 1 (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part 1) 

•  Randich, P.G., 1971. Groundwater Basic Data of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part II) 

•  Randich, P.G., 1977.  Groundwater Resources of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part III) 
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•  USDA Soil Conservation Service, 1977, Soil Survey of Benson County Area, North Dakota 

D. Road Restoration 
1. For damage calculations it  was assumed that if the feature were temporarily closed, it  would be 

restored after the lake level has receded to the minimum road surface elevation less the assumed wave 
runup (the “Lake Damage Elevation”).   

2. Restoration damages were calculated assuming that the bituminous surfacing, shoulder and aggregate 
subgrade would be removed along with an additional 1.5 feet of embankment material.  Those 
materials would then be replaced in kind over a geotextile.  It  was assumed riprap would be placed on 
the lake side slope over geotextile from the road surface elevation to the bottom of the embankment 
replacement.  The riprap would be placed along the length of roadway lying below the receded lake 
damage elevation.  The receded lake damage elevation is defined as the receded lake elevation plus 
the calculated wind-induced wave height.  

E. Detours  
1. Detour damages were included for every year that the feature is temporarily closed, as well as for the 

first  year that the lake has receded.  It  was assumed that during the first  year after the lake has 
receded, the road would be under restoration.  During this first  year, there would be both a detour 
damage and restoration damage.  After this first  year, there would be no further detour or restoration 
damages unless the lake rises to within 1 foot of the road again. 

2. Restoration of a road would only occur after the lake has receded to 2 feet below the lowest elevation 
in that road.  This was based on the assumption that restoration would only occur when there is no 
water on any part of the road and there would be only minor potential for wave action damage on the 
road. 

3. Detour damages were calculated using a cost of $7 per hour of additional travel t ime, 1.5 people per 
vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).  
Additional t ime and miles traveled were taken from the results of the QRS II model used in Devils 
Lake Flood Control: Economics Database Update: Transportation Report, Barr Engineering 
Company, January 1998.  The QRS II model determines the overall effect of a closed road on an 
entire network of traffic, incorporating the fact that traffic consists of trips having different origins 
and destinations. 

4. There is more commitment on the part of the North Dakota Department of Transportation (NDDOT) 
to the Highway 57 causeway than to the Highway 20 causeway through The Narrows.  Therefore, 
Highway 57 was assumed to be the detour route for the Highway 20 causeway.  If the Highway 57 
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causeway was temporarily closed during flooding, it  was assumed that the Highway 20 causeway 
would also be temporarily closed. 

5. The detour route for Highway 57 is around the lake to the west via Highway 281 and Highway 19.  
Woods-Rutten Road was considered as a detour route for Highway 57, but it  was not retained as a 
viable alternative, because it  would have to be significantly raised and improved to carry the traffic of 
Highway 57. 

6. Detour paths were determined assuming that all other featured roads would be open (with three 
exceptions: the Highway 57 detour assumes that Highway 20 across The Narrows is closed and both 
the BIA 1 and the BIA 6 detours assume that Highway 20 from Highway 57 to Tokio is closed).  No 
effort was made to link detour routes with lake level.  However, if a featured road was presented as a 
detour route, an “ interdependency” was noted. 

7. The analysis of Features 23 (BIA 1 between Highway 57 and BIA 6) and Feature 24 (BIA 6 between 
Highway 20 and Fort Totten) assumed that Feature 22 (Highway 20 between Highway 57 and Tokio) 
is temporarily closed during high lake levels.  BIA 1 and BIA 6 are part of the north-south detour for 
Highway 20 and the preliminary analysis indicated that Feature 22 would likely be temporarily closed 
during high lake levels. 

8. Two features can have mutually interdependent detour routes if they are the most reasonable detours.  
In these cases, it  was assumed that either the analyzed feature or the other feature would be raised or 
rerouted.  In these cases, the interdependency was noted. 
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4.23 Summary of Infrastructure Protection Investigation for 
Feature 23:  BIA Highway 1 

4.23.0 Flood Protection Strategy 
The incremental flood protection strategy that was analyzed for BIA Highway 1 was incremental 
road raises.  

4.23.1 General Information  
Feature Type:  Road  

Location:  BIA Highway 1 is located in Sections 7, 8, and 17 of Mission Township in Benson 
County and on the Spirit  Lake Nation Reservation.  The feature extends 2.72 miles between ND 
Highway 57 at the northwest to BIA Highway 6 to the southeast.  The accompanying Figure 
4.23-1 shows the feature’s location and extents, and the inundation extents at the three reference 
lake levels (1447, 1454, and 1463). 

Description:  BIA Highway 1 is a two-lane bituminous-surfaced federal highway.  The centerline 
elevation varies from 1451 to 1488, and crosses Mission Bay (a portion of Devil’s Lake) at its 
northwest end.  A portion of the roadway is currently acting as a dam and the feature Roads 
Acting as Dams would protect another portion of the roadway at higher lake levels see analysis of 
Feature 25). 

Significance:  BIA Highway 1 is important because it  is the major northbound and southbound 
route to and from the town of St. Michael and surrounding areas.  The Average Daily Traffic 
(ADT) counts on this highway were not available. 

Damages:  The flooding of BIA Highway 1 would result  in the following damages:  

•  Detour damages resulting from the added travel t ime and miles traveled when BIA Highway 
1 is closed and traffic is detoured 

•  Restoration damages resulting from repairs that would be necessary to bring the highway 
back to a useable condition after a period of inundation 

O wner/Sponsor:  The US Department of Interior, Bureau of Indian Affairs, is responsible for 
managing and maintaining BIA Highway 1. 

Lead Federal Agency:  The Bureau of Indian Affairs would take the lead for BIA Highway 1 in 
any flood protection work that may take place. 
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4.23.2 Feature Protection 
History of Flood Protection:  In the past, flood protection for BIA Highway 1 has consisted of 
raising the road to keep it  from being overtopped.  BIA Highway 1 was last raised in 2001 to a 
minimum road surface elevation of approximately 1451. 

General Protection Strategy:  The Infrastructure Protection Study’s analysis for BIA Highway 1 
considered one incremental flood protection strategy for BIA Highway 1.  That flood protection 
strategy was the only strategy that was feasible both from an economic and a constructability 
standpoint.  The first action level for that strategy involved raising the road 5 feet to a minimum 
road surface elevation of 1456. 

Protection Strategy by Action Level:  Figure 4.23-2 shows the decision tree for BIA 
Highway 1.  As shown on Figure 4.23-2, the stepwise approach to flood protection for BIA 
Highway 1 consists of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the road would be raised to 
1456 or whether the road would be temporarily abandoned. 

2. If the road were raised at AL1, a decision would be made at Action Level 2 (AL2) whether to 
raise the road to 1461, or to temporarily close the road. 

3. If the road were raised at AL2, a decision would be made at Action Level 3 (AL3) whether to 
raise the road to 1465, or to temporarily close the road. 

The pertinent reference elevations for implementing each increment of flood protection strategy 
are given below: 

Reference Elevations for Feature 23 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
1451 1456 1461 Low Structure Elevation Low sill on lowest building or minimum 

road elevation 
1448 1452 1457 Lake Damage Elevation Lake elevation at which damage to roadway 

occurs 
(a 4-foot wave runup was calculated for this feature at 
AL2 and AL3) 

N/A N/A N/A Project Completion 
Elevation 

Lake elevation at which levee construction 
must be complete 
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Reference Elevations for Feature 23 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
1448 1453 1458 Construction Initiation 

Elevation 
Lake elevation at which road raise 
construction must begin. 
(The current trigger for release of emergency highway 
funds for road raises is when the lake level reaches 
within 3 feet of the minimum road surface.) 

Curre
nt 

1451 1456 Planning and Design 
Initiation Elevation 

Lake elevation at which planning and design 
process must begin 

 

4.23.3 Design Considerations   
Sections 4.23.3.0 through 4.23.3.10 describe the analysis of the design of flood protection 
measures, as well as other considerations (geotechnical, environmental, etc.) necessary to make 
the cost estimates for the first  action level.  Section 4.23.3.11 describes the abbreviated cost 
estimating method for subsequent action levels. 

4.23.3.0 General Design  

Alignment 

Figure 4.23-1 shows the alignment of the existing BIA Highway 1.  The raised roadway 
will follow the same alignment.  The length of BIA Highway 1 between ND Highway 57 
and BIA Highway 6 is approximately 2.7 miles.  Approximately 5,600 feet beginning at 
the intersection with ND Highway 57 and extending southeast is currently below the 
planned 5-foot raise to 1456.  An additional 900 feet of roadway just northwest of the 
town of St. Michael is currently below 1456 and would be raised.  Figure 4.23-4 shows 
the existing road profile and the raised road profile. 

Cross-Section 

Figure 4.23-3 shows a typical cross-section of the proposed road raise.  The raise will be 
accomplished by filling on the land side of the existing roadway to minimize fill 
placement in water or in water with significant wave action.  This section is based on the 
typical section constructed during the 1999 road raise, when portions of BIA Highway 1 
were raised to provide a minimum road surface at 1451.0.  The road top width was 
assumed to be 41 feet with a 24-foot asphalt surface and 3-foot aggregate shoulders.  The 
side slopes are 5H:1V on both the lake side and land side of the road.  The minimum 
raised road elevation is assumed to be 1456.0, a 5-foot raise from the current minimum 
elevation.  It  was assumed that unsuitable fill foundation material, averaging 1 foot in 
depth, will be stripped along the land side roadway toe prior to placement of road fill.  
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Materials 

It was assumed that the roadway fill would be constructed from readily available native 
silty clay and clay loam.  These materials are suitable for road embankment construction.  
The top 6 inches of the roadway section will be constructed of commercially available 
aggregate surface course material. 

Erosion Protection 

On the lake side, riprap was assumed to be placed over geotextile (no additional bedding 
material) from the existing top edge of riprap all the way to the roadway crest.  On the 
land side, riprap was assumed to be placed over geotextile from 1.5 feet below the crest 
(vertically) and extend 20 feet down slope (slope distance).  No topsoil or seeding was 
assumed for the raised roadbed. 

The riprap design, based on the fetch, depth of water, and the side slope, is summarized 
in the table below.  The wind-induced wave height is used to compute the lake elevation 
at which damage will occur to the roadway due to wave action.  

Location 

Wind-Induced 
Wave Height 

(ft.) 
Riprap size 
(D50, inches) 

Riprap 
Thickness (ft.) 

Lake Side 3 12” 2.0 
Land Side 1.5 Use same as lake side 

 

4.23.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciation or Cretaceous age bedrock.  Thin lacustrine deposits 
from the current and prehistoric lake levels are also present in the Devils Lake basin.  All 
the glacial deposits in this area are part of the Coleharbor Formation. 

In the area of BIA Highway 1, the lacustrine deposits include soft lake bottom silt  and 
clay and coarse sand to fine silty sand beach deposits.  The lake bottom deposits lie on 
the easily recognized lake plain.  These are mapped as the silt  and clay facies of the 
Coleharbor Formation.  This deposit  underlies the northwestern section of BIA Highway 
1.  The beach deposits, where present, are along the slope break around the lake plain.  
These deposits tend to be of too small in area to be shown on the county geologic map, 
but are apparent in the county soil maps.  The predominant glacial deposit  is generally 
composed of silty clay with sand, pebbles, cobbles, and boulders.  This deposit  is 
yellowish brown in the oxidized zone in the uppermost 10 to 25 feet near the ground 
surface, and olive gray at depth.  The southeast portion of BIA Highway 1 is underlain by 
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till mapped as the North Viking end moraine.  The uneven surface, including closed 
basins, poorly developed drainage, and rounded hills are indications that the till is an ice 
margin and/or stagnation deposit .  Well logs in the area of BIA Highway 1 indicate that 
the glacial deposits are 100 to 123 feet thick, with boulder clay till in the uppermost 70 to 
80 feet, and sand and gravel with some till layers at depth.  The bedrock is Cretaceous 
Pierre Shale.  

The northern impacted section of BIA Highway 1 is underlain primarily by two mapped 
soil units (99C Claire and 101 Lallie) and the unmapped lake bottom, in the sequence, 
from northwest to southeast, of 101-99C-lake-99C-101.  With respect to road 
construction: 

•  101 Lallie loam; ML-CL; lake bed – Severe: wetness, floods, low strength 

•  99C Claire loamy coarse sand; SP, SP-SM; beach – Slight  

“Slight” means soil properties and site characteristics are generally favorable for this use.  
“Severe” means special design may be required.  Wetness and flooding are a given, since 
much of the area is already inundated.  The concern is the low strength.  It is assumed 
that the unmapped deposits beneath the lake are also of low strength. 

The southern impacted section of BIA Highway 1 is underlain by mapped soil units 
113C, 31B, 110B and 109.  With respect to roads: 

•  31B Towner fine sandy loam; SM, SM-SC; beach deposit – Moderate: frost action 

•  109 Aquents; CL; lake bed – Severe: low strength 

•  110B and 113C Bottineau loams; CL, CL-ML; boulder clay till – Severe: low 
strength 

Six borings need to be completed in the areas of the lake bed and till deposits to 
determine the strength.  About 4,800 feet of the alignment overlies lake deposits which 
may require excavation. 

Any upland soil south of BIA Highway 1 is likely to supply adequate material for 
impervious core and impervious fill, if required. 

4.23.3.2 Hydrology/Interior Drainage issues 

It is assumed that culverts will be placed through the raised roadway embankment to 
allow for water level equalization on both sides of the roadway.  Any existing culverts 
through the raised roadway were assumed to have been previously filled and abandoned 
in place.  New RCP culverts were assumed to have been placed through the roadway 
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embankment near the northern raised section and the raised section near St. Michael with 
inverts at 1448. 

4.23.3.3 Real Estate Requirements 

Right-of-way requirements for the road raise are assumed to extend 15 feet beyond the 
land side toe of the raised embankment.  The 15-foot buffer will provide sufficient room 
for temporary construction activities and long-term maintenance access. 

4.23.3.4 Env ironmental/Cultural issues 

HTRW 

Current land use surrounding BIA Highway 1 is a mostly undeveloped land with some 
scattered rural residences and farms.  Additional rural residences have been constructed 
over the years and some growth has occurred in the City of St. Michael; however, land 
use does not appear to have changed significantly since the 1930s.  

The regulatory record review for zip code 58370 was obtained from FirstSearch on 
September 24, 2002.  No facilit ies appear to be located within the impact area.  

One potential HTRW site identified along the feature alignment is listed below and 
shown on Figure 4.23-1:   

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category HTRW Costs 
23-1-1 1 Rural Residences & Farmsteads $500 

A more detailed description of site history and a breakdown of costs are in Appendix C.  
A description of environmental concerns associated with this category is in Section 4.0. 

Cultural 

This project has the potential to impact two known sites and one site lead as shown on 
Figure 4.23-1, which are the same sites and site lead that may be affected by the 
St. Michael project.  One of the known sites, St. Michael’s Cemetery (32BE0087), is an 
architectural site and was studied as part of a larger survey of wrought iron crosses as 
grave markers in North Dakota.  Though many cemeteries containing such markers have 
been recommended as eligible for listing on the NRHP, this cemetery was recommended 
as not eligible because its two wrought iron crosses “are not representative of any 
coherent tradition of local artistry” (NDCRS Form, 32BE0087, on file at the SHSND).  
The second known site, 32BE0410 (Mission Hill), is listed in the 1997 database as a 
prehistoric archaeological mound group.  An artifact scatter is likely associated with the 
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site since surface collection was conducted there.  The eligibility of this site for listing on 
the NRHP has not been determined. 

The site lead that may fall within the St. Michael area of potential effect is 32BEX0022 
(St. Michael Mission).  The historical context for this site lead was recorded as Irrigation 
and Conservation. 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 

Feature 23 BIA Highway 1:  Evaluation Status of Known Cultural Resources 

Resource Type 

Resources 
Listed on or 

Nominated for 
the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  0 1 0 
Archaeological 0 0 1 
Architectural Site 
Leads/Isolated Finds 

0 0 0 

Archaeological Site 
Leads/Isolated Finds 

0 0 1 

Total 0 1 2 

 

The estimated cost to conduct Phase 1 Surveys for each of the 2 sites is presented in the 
following table.  The total cost for all surveys is $22,000.  As noted in Section 4.0, these 
costs are believed representative of the cultural resources investigations needed for the 
next stage of study. 

BIA Highway 1: Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0410 Phase I Archaeological $8,000 
32BEX0022 Phase I Archaeological $14,000 

 
Environmental 

Fill used for the construction of the road could cause environmental impacts due to 
encroachment upon wetlands and upland plant communities.  The natural resources 
within the right-of-way of BIA Highway 1 include wetlands, oak forest/woodlands, and 
oak brushlands.  The acres of habitat impacted by land use category are shown on Figure 
4.23-1.  Impacts to the wetland communities represent the most important environmental 
impact to the natural resources.  A total of 1.04 acres of wetland impacts would be 
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expected from the proposed infrastructure protection measures.  Complete or partial loss 
of wetland functions and conversion to upland due to filling is possible in some locations.  
In areas where some hydrology is maintained and wetland conditions remain, changes in 
plant community and hydrology could lead to a wetland type change.  The loss of 
wetland area would impact waterfowl, marsh bird and songbird-nesting areas, as well 
bring about impacts to reptile and amphibian populations due to habitat fragmentation 
and loss.  These environmental impacts are more fully detailed in the general impacts 
discussion Section 4.0.  This loss of wetland would require 2.08 acres of mitigation 
wetlands as set forth in the project mitigation policy developed through consultation with 
the Corps and FWS. 

In the upland areas a loss of native species due to grading and filling could be expected in 
the fill or borrow locations, as well as allowing the introduction of weedy, non-native 
species.  A loss of native tree species due to grading and filling, as well as the 
introduction of weedy, non-native under-story species could also be expected in these 
areas.  These environmental impacts are more fully detailed in the general impacts 
discussion Section 4.0.  A total of 1.69 acres of oak forest/oak and 6.03 acres grassland 
habitat impacts would be expected from the proposed infrastructure protection measures 
in this location.  The loss of woodland areas would impact songbird nesting and small 
mammal populations, as well impacting reptile and amphibian populations due to habitat 
destruction that will lead to fragmentation.  Mitigation activities would require the 
acquisition of 3.38 acres of like woodland habitat and 12.06 acres of like upland 
grassland areas for these impacts.   

4.23.3.5 Effects on Existing Infrastructure and Utilities 

Utility poles located on the land side of the roadway were assumed to be relocated prior 
to placing embankment fill along both reaches of BIA Highway 1 that will be raised.  
Replacement of local driveway access to adjacent properties was not considered as a 
separate cost item, but is considered incidental to the other construction items.  With the 
exception of drainage culverts discussed above, no other infrastructure or utilit ies are 
expected to be impacted. 

4.23.3.6 Interdependencies 

The protection of BIA Highway 1 is related to the protection of several other features: 

•  Feature 5: St. Michael – St. Michael is functionally dependent on BIA Highway 1 
and would be affected if it  were temporarily closed. 
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•  Feature 14: ND Highway 57 – If BIA Highway 1 is temporarily closed, traffic on ND 
Highway 57 would decrease as travel to St. Michael and other locations is routed on 
other roadways. 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) – If BIA Highway 1 were 
temporarily closed, traffic on ND Highway 20 (ND Highway 57 to Tokio) would 
increase as a detour route.   

•  Feature 24: BIA Highway 6 – If BIA Highway 1 is temporarily closed, traffic on BIA 
Highway 6 would increase as a detour route. 

•  Feature 25: Roads Acting as Dams – BIA Highway 1 is acting as a dam and 
providing protection to an area to the southwest (primarily BIA Highway 4 
immediately west of BIA Highway 1).  If lake levels rise and the water levels on each 
side of BIA Highway 1 are allowed to equalize, BIA Highway 4 and adjacent areas 
will be impacted.  However, if appropriate levee protection along the portion of BIA 
Highway 1 currently acting as a dam is provided, BIA Highway 4 and adjacent areas 
could be protected by those levees. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.23.3.7 O&M 

Operation and maintenance requirements for the raised roadway would be similar to the 
unimpacted roadway with respect to road surface maintenance and shoulder and slope 
mowing.  The increase in O&M on the adjacent routes that are used as detours would be 
approximately equal to O&M on the temporarily closed road.  Additional maintenance 
requirements for the raised roadway sections would include maintenance of the riprap on 
both the lake and land sides.  Annual maintenance costs for the riprap have been 
estimated at 0.5 percent of the initial construction cost.  The O&M costs were not 
included in the economic analysis due to limitations of the Feature Analysis Model. 

4.23.3.8 Lead Time Required 

The raising of BIA Highway 1 could be completed in one construction season.  A lead 
time of about twelve months would be necessary for final design, preparation of 
construction documents and bidding.  Total t ime between initiation of final design and 
substantial completion of construction would be in the range of 18 to 24 months. 

4.23.3.9 Potential Problems and Risks 

Potential problems and risks associated with the road raise include: 



P:\34\36\020\2002-23 4.23-10 

•  Road embankment fill into water will make compaction and quality control difficult  

•  Foundation conditions will be difficult  to assess prior to actual construction 

•  Utilit ies may need to be relocated 

4.23.3.10 Data Deficiencies 

The following data should be collected or verified prior to proceeding with raising 
BIA Highway 1: 

•  Locations of buried utilit ies, if any 

•  Soil borings along land side toe of existing road embankment 

•  Precise location and evaluation of nearby cultural resources 

4.23.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 23, an abbreviated method was necessary for 
examining the costs of infrastructure protection at action levels above the first .  The 
estimated costs at action levels subsequent to the first  are presented in Table 4.23-2b.  
Estimates of benefits—damages prevented—for subsequent action levels were made in 
the same manner as for the first action level.  The damage estimates for all action levels 
are shown in Table 4.23-1.   

The same general approach to calculate costs was used for the subsequent action levels.  
Unit prices were not changed.  However, some of the cost items were simply extrapolated 
for the higher action levels, rather than being calculated in detail.   The relevant design 
and cost assumptions for the abbreviated method are listed below. 

Design Assumptions 

•  Raise elevations  

Action Level 2:  5-foot raise to 1461 

Action Level 3:  4-foot raise to 1465 

•  Cross-section   

Action Level 2:  41foot top width, 5H: 1V side slopes, centerline-offset raise 

Action Level 3:  41-foot top width, 5H: 1V side slopes, centerline-offset raise 

•  Length   

Action Level 2:  Total length of raised roadway- 8,400 feet 

Action Level 3:  Total length of raised roadway- 14,400 feet 
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•  Impacted Area 

Action Level 2:  Incremental area impacted by raised roadway- 11.4 acres 

Action Level 3:  Incremental area impacted by raised roadway- 7.8 acres 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.23-2b.  The geological/geotechnical and 
environmental quantities and costs were estimated in proportion to the Action Level 1 costs 
as described in Section 3.2.13. Real Estate costs were assumed to be the same for each raise. 

4.23.4 Economics of Flood Protection 
Damages:  For BIA Highway 1, the damages resulting from flooding were estimated up to the 
maximum lake level (1463).  The damage computations for BIA Highway 1 are summarized in 
the accompanying Table 4.23-1. 

The top portion of Table 4.23-1 gives a summary of the annual detour damages that would occur 
during the years when the highway was flooded.  It  also shows road restoration damages that can 
be expected when the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives quantities 
in terms of miles per year (of extra miles traveled as a result of detours) and hours per year (of 
additional travel t ime resulting from detours) for the detour damages.  Also shown are quantities 
and line-item damages for excavation, geotextile fabric, aggregate base course, fill, bituminous 
pavement, and riprap for road restoration work when waters recede. 

The unit prices for all the damage computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for BIA Highway 1 are listed in the BIA Highway 1 
Assumptions listing, appended to this Section 4.23. 

Costs:  The costs of providing flood protection for BIA Highway 1 are detailed in the 
accompanying Table 4.23-2a for the first  action level and in Table 4.23-2b for the subsequent 
action levels.  Quantities and line-item totals are listed.   

The top portion of the table gives the costs of providing flood protection (as represented in the 
analysis) by action level.  The lower portion of the table gives a breakdown of the quantities and 
costs by line item. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
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aspects of the economic analysis for BIA Highway 1 are listed in the BIA Highway 1 
Assumptions listing, appended to this Section 4.23. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.23-2).  Contingencies for riprap, fill material, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices. 

4.23.5 Economic Results 
The flood protection strategy that was analyzed was incremental road raises, which is highlighted 
on the decision tree (Figure 4.23-2).  The results of the Infrastructure Protection Study for BIA 
Highway 1 are listed in Table 4.23-3a for the analysis of all action levels and in Table 4.23-3b for 
the analysis of the first  action level. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for BIA Highway 1, the Infrastructure Protection Study 
analysis provided relevant economic indices for the three incremental road raises.  The annual net 
benefits for this approach were greater than zero ($188,400).  The BCR for this approach was 
greater than one (2.08).  These results indicate that this strategy is economically justified.  The 
present worth annualized detour damages that would be prevented by this strategy were computed 
to be $310,200.  The stochastic results are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  Raising the road was also analyzed 
under each of three specific climate futures.  For BIA Highway 1, the economic indices for each 
of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the 
road were $469,100, and the BCR was 1.97, indicating that this strategy was economically 
justified.  No restoration damages are listed under this scenario, indicating that the water level 
never recedes below the first  action level.  For this future, the present worth annualized 
detour damages that would be prevented were computed at $950,400. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of raising the road were $25,500, and the BCR was 1.31, indicating that this strategy 
was economically justified.  For this future, the present worth annualized detour damages that 
would be prevented were computed at $80,400. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the road were $392,300, and the BCR was 2.34, indicating that this 
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strategy was economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $663,700. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for BIA Highway 1, the Infrastructure Protection Study 
analysis also provided relevant economic indices for the first incremental road raise.  The annual 
net benefits for this approach were greater than zero ($161,900).  The BCR for this approach was 
greater than one (2.27).  These results show that this strategy is economically justified; the results 
are similar to the results based on all action levels.  The present worth annualized detour damages 
that would be prevented by this strategy were computed to be $241,800.  The stochastic results 
are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  Raising the road was also analyzed under 
each of three specific climate futures.  For BIA Highway 1, the economic indices for each of the 
three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the 
road were $125,300, and the BCR was 1.73, indicating that this strategy was economically 
justified.  No restoration damages are listed under this scenario, indicating that the water level 
never recedes below the first  action level.  For this future, the present worth annualized 
detour damages that would be prevented were computed at $297,500. 

•  First Moderate Future – Under the first moderate future climate scenario, the average net 
benefits of raising the road were $26,500, and the BCR was 1.31, indicating that this strategy 
was economically justified.  For this future, the present worth annualized detour damages that 
would be prevented were computed at $80,400. 

•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of raising the road were $334,700, and the BCR was 2.94, indicating that this 
strategy was economically justified.  No restoration damages are listed under this scenario; 
the lake level exceeds the second action level, and restoration damages would be a function 
of the subsequent action levels1.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $506,900. 

 

                                                 
1 For analysis of the first action level, it was assumed that restoration damages would be attributable to the first 
action level only if the lake level never reached the subsequent action levels.   See Section 3.2.2.1 for further 
discussion of this assumption. 
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DAMAGES

Annual Detour Damages

Damage Value 
(THOUSANDS)

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

$1,012 5,300 $1,193
$1,012 5,400 $1,205
$1,012 5,550 $1,222
$1,012 5,870 $1,259
$1,012 6,180 $1,295
$1,012 6,500 $1,332
$1,012 6,910 $1,380
$1,012 7,320 $1,427
$1,012 7,730 $1,475
$1,012 8,040 $1,511
$1,012 8,350 $1,547
$1,012 8,660 $1,582
$1,012 8,970 $1,618
$1,012 9,170 $1,642
$1,012 9,280 $1,654
$1,012 9,390 $1,667
$1,012 9,500 $1,654
$1,012 9,600 $1,667

DAMAGE BREAKDOWN

Description Quantity Unit Unit Cost Value
(THOUSANDS)

Hours/Year 38,760 HR $7.13 $276
Miles/Year 2,131,590 MILE $0.35 $735

$1,012

Item Unit Cost Contingency Value per LF of Road
Excavation 4.06 CY/LF $3.50 30% $18

Fill Material 2.69 CY/LF $5.00 30% $17
Geotextile Fabric 5.00 SY/LF $2.00 30% $13

Aggregate Base Course 0.92 CY/LF $20.00 30% $24

Bituminous 0.66 Tons/LF $50.00 30% $43
$116

Item Unit Cost Contingency Total Value for Road
Riprap 1.89 CY/LF $40.00 30% $530,712

Geotextile Fabric 3.5 SY/LF $2.00 30% $49,140

$579,852

Quantity per LF of Road

Total

Total

Replace 0.5' of bituminous pavement

Replace top 1.5' of roadway embankment
Place geotextile beneath new aggregate 
base

1453

1455

Annual Detour 
Damages

Removal of existing bituminous (24' X 0.5'), 
existing shoulder (3' X 0.5' ea. side), 
existing aggregate base (41' X 0.5'), and 
top 1.5' of existing road embankment fill

Restoration 
Damages

Replace 0.5' of subgrade and shoulders (3' 
X 0.5' ea. side)

Description

Description

1462
1463

1449
1450
1451

Lake Elevation 
(MSL)
1448

1452

1454

1465

1456
1457
1458
1459
1460
1461

1464

Table 4.23-1

Flood Damages
Feature 23: BIA Highway 1 

Restoration Damages

Devils Lake Infrastructure Protection Study

Quantity per LF of Road
Place riprap from road surface elevation to 
bottom of embankment replacement for 
lowest impacted roadway length

Total

For use under riprap restoration
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(1)

Raise at AL1
(THOUSANDS)

$3,004

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Road Raise Raise Top of Road to Elevation 1456.5

Performance/Payment Bond 1 JB $16,164 10% $18
Clearing and Grubbing 0.0 AC $3,000 30% $0
Stripping 10,500 CY $1.50 40% $22
Geotextile Fabric 27,000 SY $2.00 30% $70
Aggregate Base Course 5,500 CY $20 30% $143
Fill Material 118,500 CY $5.00 50% $889
Bedding 0 CY $35 30% $0
Riprap 15,000 CY $40 40% $840
Bituminous Pavement 5,000 TON $50 30% $325
Culverts 170 LF $50 30% $11
Topsoil 0 CY $2.50 30% $0
Seed 0.0 AC $1,000 30% $0
Geotechnical 
Slurry Wall 0 SF $6.00 50% $0
Borings 6 EA $1,000 50% $9
Environmental Impacts
Mitigation 1 LS $6
HTRW 1 LS $1
Cultural Resources Investigation 1 LS $22

$2,355
Engineering and Design 15% $353
Supervision and Administration 8% $188
Real Estate Acquisition for ROW 1 LS $107

$3,004

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$12

Action Level

Total Road Raise

AL1

Table 4.23-2a

Flood Protection Costs
Feature 23: BIA Highway 1 

Action Level

Description

AL1

Subtotal

Devils Lake Infrastructure Protection Study

R(1)
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(2)

Raise at AL2

$4,028
$0

COST BREAKDOWN

Quantity Units Unit Contingency Value Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise Raise Top of Road to Elevation 14xx Raise Top of Road to Elevation 14xx

Performance/Payment Bond 1 JB $21,889 10% $24 Performance/Payment Bond 1 JB $23,792 10% $26
Clearing and Grubbing 0.0 AC $3,000 30% $0 Clearing and Grubbing 0.5 AC $3,000 30% $2
Stripping 14,000 CY $1.50 40% $29 Stripping 12,500 CY $1.50 40% $26
Geotextile Fabric 32,000 SY $2.00 30% $83 Geotextile Fabric 33,500 SY $2.00 30% $87
Aggregate Base Course 7,000 CY $20 30% $182 Aggregate Base Course 8,500 CY $20 30% $221
Fill Material 186,500 CY $5.00 50% $1,399 Fill Material 204,000 CY $5.00 50% $1,530
Bedding 0 CY $35 30% $0 Bedding 0 CY $35 30% $0
Riprap 18,000 CY $40 40% $1,008 Riprap 18,500 CY $40 40% $1,036
Bituminous Pavement 6,500 TON $50 30% $423 Bituminous Pavement 7,500 TON $50 30% $488
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Topsoil 0 CY $2.50 30% $0 Topsoil 0 CY $2.50 30% $0
Seed 0.0 AC $1,000 30% $0 Seed 0.0 AC $1,000 30% $0
Geotechnical Geotechnical 
Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 2 EA $1,000 50% $3 Borings 6 EA $1,000 50% $9
Environmental Impacts Environmental Impacts
Mitigation 1 LS $8 Mitigation 1 LS $5
HTRW 1 LS $1 HTRW 1 LS $0
Cultural Resources Investigation 1 LS $28 Cultural Resources Investigation 1 LS $20

$3,188 $3,450
Engineering and Design 15% $478 Engineering and Design 15% $517
Supervision and Administration 8% $255 Supervision and Administration 8% $276
Real Estate Acquisition for ROW 1 LS $107 Real Estate Acquisition for ROW 1 LS $107

$4,028 $4,350

ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$16
$17AL3

Table 4.23-2b

Flood Protection Costs
Feature 23: BIA Highway 1 

Devils Lake Infrastructure Protection Study

R(3)
Description

Subtotal

Total Road Raise

R(3)

Raise at AL3

$0
(THOUSANDS)

Action Level

Description

AL2

Subtotal

R(2)

Action Level

Total Road Raise

AL2

AL3 $4,350
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $52,600 $310,200 $0 $362,800 $0 $0 --

R(2) 2 Incremental Road Raise $174,400 $0 $174,400 $0 $0 $0 $0 $362,800 $188,400 2.08

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $950,400 $0 $950,400 $0 $0 --

R(2) 2 Incremental Road Raise $481,300 $0 $481,300 $0 $0 $0 $0 $950,400 $469,100 1.97

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $30,500 $80,400 $0 $110,900 $0 $0 --

R(2) 2 Incremental Road Raise $84,400 $0 $84,400 $0 $0 $0 $0 $110,900 $26,500 1.31

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $20,800 $663,700 $0 $684,500 $0 $0 --

R(2) 2 Incremental Road Raise $292,200 $0 $292,200 $0 $0 $0 $0 $684,500 $392,300 2.34

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Table 4.23 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463

Devils Lake Infrastructure Protection Study
Feature 23: BIA Highway 1

Moderate Future 1 Scenario (M1-2)
(Annual)

Strategy COSTS DAMAGES

Stochastic Analysis (ST-2)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-2)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-2)

Strategy COSTS DAMAGES
(Annual)
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $48,000 $241,800 $0 $289,800 $0 $0
R(1) 1 Incremental Road Raise $127,900 $0 $127,900 $0 $0 $0 $0 $289,800 $161,900 2.27

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $297,500 $0 $297,500 $0 $0
R(1) 1 Incremental Road Raise $172,200 $0 $172,200 $0 $0 $0 $0 $297,500 $125,300 1.73

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $30,500 $80,400 $0 $110,900 $0 $0
R(1) 1 Incremental Road Raise $84,400 $0 $84,400 $0 $0 $0 $0 $110,900 $26,500 1.31

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $506,900 $0 $506,900 $0 $0
R(1) 1 Incremental Road Raise $172,200 $0 $172,200 $0 $0 $0 $0 $506,900 $334,700 2.94

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Table 4.23 - 3b

Economics Results:  First Action Level

Devils Lake Infrastructure Protection Study
Feature 23: BIA Highway 1

Moderate Future 1 Scenario (M1-2)
(Annual)

Strategy COSTS DAMAGES

Stochastic Analysis (ST-2)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-2)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-2)

Strategy COSTS DAMAGES
(Annual)
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Attachment to 4.23: 
BIA Highway 1 Infrastructure Protection Study Assumptions 

A. Existing Road Information 
1. Existing road elevations for the feature were obtained through contact with Spirit  Lake Nation 

representatives, primarily Clarence Greene. 

2. Existing road cross-section for the feature were based on construction drawing typical sections 
obtained from BIA/ND DOT/or their consultants including: 

•  ND DOT Plan: Project No. BIA-3-97(006)-Mission Road, 5/30/97 

•  BIA Spirit  Lake Sioux Nation Plan: Mission Bay Road Project No. 1-10(5), Route 1, 11/22/99  

3. Existing road centerline profiles for the features evaluated were obtained from the plans listed above.  
Plan elevation data was assessed for reasonableness by comparing to the 2000 FEMA LIDAR 
topography.  Where necessary, road plan elevation information was supplemented with the LIDAR 
information. 

B. Road Raise 
1. The road raise was assumed to be 5 feet from existing feature minimum road surface elevation.  The 

raise height was applied from the top of the existing bituminous surface course to the top of the new 
bituminous surface course. 

2. Cross-Section – The future road raise cross-section was based on discussions with BIA/Spirit  Lake 
Nation staff and the most recent typical raise sections that have been completed on the highway 
provided by BIA/ND DOT and/or their consultants.  The plans referenced included: 

•  BIA Spirit  Lake Sioux Nation Plan: Mission Bay Road Project No. 1-10(5), Route 1, 11/22/99. 
Sheet 3 of 16 

3. Profile –  

•  Adjacent ground elevations obtained from 2001 LIDAR topography prepared for FEMA 

•  Existing road surface elevations from the following construction drawings:  BIA Aberdeen Area 
Fort Totten Indian Reservation Plans for Project No’s: 1-A, 1-10(5), 6-10(4), 21-10(2) 

•  Raised road surface elevation based on assumed incremental raise height 

•  Road stationing was assigned, increasing from north-to-south 
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4. No topsoil or seeding was assumed for the road raise because of the width of the road shoulder and 
the height of riprap placement. 

5. It  was assumed that two new culverts would be placed in two individual areas for flow equalization. It 
is assumed that any existing culverts were left  in place, and that the two new culverts would be 
located at an elevation equal to the existing road surface elevation.   

C. Geotechnical 
1. The scope and cost of geotechnical mitigation are related to:  (1) number of borings and soil tests, and 

(2) soft soils that may require excavation and/or additional construction material, 

2. While the county soil surveys have similar descriptions of the subgrade characteristics of glacial till 
and lake bed deposits (Severe: low strength), experience in the Devils Lake area has indicated that 
most t ill deposits are better subgrade than lake.  The potential thickness of soft-soil deposits has been 
estimated based on descriptions of the lake bed deposits in the geologic and soils reports. 

3. The potential extents of sand deposits have been estimated based on descriptions in the soils reports.  
It  is likely that in some locations, the surficial sand deposits, typically assumed herein to beach 
deposits, may be continuous with subsurface sand and gravel deposits (glacial outwash).  As such, 
some of the sand deposits may be of much greater extent vertically and laterally (buried) than has 
been assumed herein.  

4. It  is assumed that a soil boring will be completed approximately every 1,000 feet of road length.  
Additional borings will be completed in areas of critical soils.  Each soil boring and associated 
observation and testing will cost $2,000. 

5. Cut off walls are estimated to be $6/square foot based on past work at Devils Lake. 

6. In instances where construction may be completed in the wet, it  is assumed that soft soil will not be 
excavated, but instead may be displaced by new fill.  In those instances, additional fill contingency is 
added based on the percentage of the feature alignment that is underlain by potentially soft soil. 

7. The subgrade conditions along the alignment of this feature are based upon review of: 

•  Carlson, C.G. and T .F. Freers, 1975. Geology of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey, Bulletin 59 – Part 1 (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part 1) 

•  Randich, P.G., 1971. Groundwater Basic Data of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part II) 
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•  Randich, P.G., 1977.  Groundwater Resources of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part III) 

•  USDA Soil Conservation Service, 1977, Soil Survey of Benson County Area, North Dakota 

D. Road Restoration 
1. For damage calculations, it  was assumed that, if the feature were temporarily closed, it  would be 

restored after the lake level has receded to the minimum road surface elevation less the assumed wave 
runup (the “Lake Damage Elevation”).   

2. Restoration damages were calculated assuming that the bituminous surfacing, shoulder and aggregate 
subgrade would be removed along with an additional 1.5 feet of embankment material.  Those 
materials would then be replaced in kind over a geotextile.  It  was assumed riprap would be placed on 
the lake side slope over geotextile from the road surface elevation to the bottom of the embankment 
replacement.  The riprap would be placed along the length of roadway lying below the receded lake 
damage elevation.  The receded lake damage elevation is defined as the receded lake elevation plus 
the calculated wind-induced wave height. 

E. Detours  
1. Detour damages were included for every year that the feature is temporarily closed, as well as for 

the first  year that the lake has receded.  It  was assumed that during the first  year after the lake has 
receded, the road would be under restoration.  During this first  year, there would be both a detour 
damage and restoration damage.  After this first  year, there would be no further detour or 
restoration damages unless the lake rises to within 1 foot of the road again. 

2. Restoration of a road would only occur after the lake has receded to 2 feet below the lowest 
elevation in that road.  This was based on the assumption that restoration would only occur when 
there is no water on any part of the road and there would be only minor potential for wave action 
damage on the road. 

3. Detour damages were calculated using a cost of $7 per hour of additional travel t ime, 1.5 people 
per vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).  
Additional t ime and miles traveled were taken from the results of the QRS II model used in 
Devils Lake Flood Control: Economics Database Update: Transportation Report, Barr 
Engineering Company, January 1998.  The QRS II model determines the overall effect of a 
closed road on an entire network of traffic, incorporating the fact that traffic consists of trips 
having different origins and destinations. 
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4. There is more commitment on the part of the North Dakota Department of Transportation 
(NDDOT) to the Highway 57 causeway than to the Highway 20 causeway through The Narrows.  
Therefore, Highway 57 was assumed to be the detour route for the Highway 20 causeway.  If the 
Highway 57 causeway was temporarily closed during flooding, it  was assumed that the 
Highway 20 causeway would also be temporarily closed. 

5. The detour route for Highway 57 is around the lake to the west via Highway 281 and 
Highway 19.  Woods-Rutten Road was considered as a detour route for Highway 57, but it  was 
not retained as a viable alternative, because it  would have to be significantly raised and improved 
to carry the traffic of Highway 57. 

6. Detour paths were determined assuming that all other featured roads would be open (with three 
exceptions: the Highway 57 detour assumes that Highway 20 across The Narrows is closed and 
both the BIA 1 and the BIA 6 detours assume that Highway 20 from Highway 57 to Tokio is 
closed).  No effort was made to link detour routes with lake level.  However, if a featured road 
was presented as a detour route, an “ interdependency” was noted. 

7. The analysis of Features 23 (BIA 1 between Highway 57 and BIA 6) and Feature 24 (BIA 6 
between Highway 20 and Fort Totten) assumed that Feature 22 (Highway 20 between 
Highway 57 and Tokio) is temporarily closed during high lake levels.  BIA 1 and BIA 6 are part 
of the north-south detour for Highway 20 and the preliminary analysis indicated that Feature 22 
would likely be temporarily closed during high lake levels. 

8. Two features can have mutually interdependent detour routes if they are the most reasonable 
detours.  In these cases, it  was assumed that either the analyzed feature or the other feature would 
be raised or rerouted.  In these cases, the interdependency was noted. 

 



P:\34\36\020\2002-24 4.24-1 

4.24 Summary of Infrastructure Protection Investigation for 
Feature 24:  BIA Highway 6 

4.24.0 Flood Protection Strategy 
The flood protection strategy evaluated for BIA Highway 6 was incremental road raises.  The 
BIA began construction of the first road raise in the fall of 2002, so this Infrastructure Protection 
Study did not analyze the first  action level of flood protection for BIA Highway 6. 

4.24.1 General Information  
Feature Type:  Road 

Location:  Feature 24 is the 9-mile portion of BIA Highway 6 between Fort Totten at the west 
and ND Highway 20 at the east, and is located in Benson County.  The accompanying Figure 
4.24-1 shows the eastern portion of the feature and the inundation extents at the three reference 
lake levels (1447, 1454, and 1463). 

Description:  BIA Highway 6 is a two-lane bituminous-surfaced federal highway.  The centerline 
elevation varies from 1625.0 just east of Fort Totten to 1441.5 just west of ND Highway 20.  

Significance:  BIA Highway 6 is important because it  is a major traffic route in the area, 
including the main route between Fort Totten and St. Michael.  The Average Daily Traffic (ADT) 
counts on this highway were not available. 

Damages:  The flooding of Feature 24 would result  in the following damages: 

•  Detour damages resulting from the added travel t ime and miles traveled when 
BIA Highway 6 is closed and traffic is detoured 

•  Restoration damages resulting from repairs that would be necessary to bring the highway 
back to a useable condition after a period of inundation 

O wner/Sponsor:  The US Department of Interior, Bureau of Indian Affairs, is responsible for 
managing and maintaining BIA Highway 6. 

Lead Federal Agency:  The Bureau of Indian Affairs would take the lead for BIA Highway 6 in 
any flood protection work that may take place. 

4.24.2 Feature Protection 
History of Flood Protection:  BIA Highway 6 is located in the area that is currently being 
protected by roads that are acting as dams.  Therefore, the flood level at BIA Highway 6 is much 
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lower than the level of Devils Lake and flood protection for BIA Highway 6 has, for the most 
part, not been an issue.  No other flood protection has been implemented for this feature. 

General Protection Strategy:  The BIA started construction of a raise to the low section of 
Feature 24 in the Fall 2002.  The construction will involve raising 4,700 feet of BIA Highway 6 
to a minimum road surface elevation of 1456.9.  The roadway embankment will also be widened 
along that length to accommodate potential future raises up to road surface elevation 1465 
without requiring fill placement below water. 

Protection Strategy by Action Level:  The BIA is constructing the planned road raise to 1456.9 
and embankment widening to minimize potential for future work performed in water.  The 
reference elevations the BIA will use, if any, to implement any subsequent raise(s) are not known. 

Figure 4.24-2 shows the assumed decision tree for BIA Highway 6.  As shown on Figure 4.24-2, 
the stepwise approach to flood protection for BIA Highway 6 consists of the following:  

1. At Action Level 1 (AL1), a decision would be made as to whether the road would be raised to 
1456.9 or whether the road would be temporarily abandoned. 

2. If the road were raised at AL1, a decision would be made at Action Level 2 (AL2) whether to 
raise the road to 1461.9, or to temporarily close the road. 

3. If the road were raised at AL2, a decision would be made at Action Level 3 (AL3) whether to 
raise the road to 1465, or to temporarily close the road. 

The Infrastructure Protection Study analysis summarized the planned first  increment of the flood 
protection strategy, raising the road to 1456.9.  Since the road is protected to at least 1454, the 
feature was not analyzed in the Infrastructure Protection Study’s Feature Analysis Model.  

Reference Elevations for Feature 24 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
N/A 1456.9 1461.9 Low Structure Elevation Low sill on lowest building or 

minimum road elevation 
N/A 1453.9 1458.9 Lake Damage Elevation Lake elevation at which damage to 

roadway occurs 
(a 3-foot wave runup was calculated for 
this feature) 

N/A N/A N/A Project Completion 
Elevation 

Lake elevation at which levee 
construction must be complete 
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Reference Elevations for Feature 24 Road Raises 
Elevation 

AL1 AL2 AL3 Name Significance 
N/A 1453.9 1458.9 Construction Initiation 

Elevation 
Lake elevation at which road raise 
construction must begin. 
(The current trigger for release of 
emergency highway funds for road raises 
is when the lake level reaches within 
3 feet of the minimum road surface.) 

N/A 1452 1457 Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 

 

4.24.3 Design Considerations  
Sections 4.24.3.0 through 4.24.3.10 describe the analysis of the design of flood protection 
measures, as well as other considerations (geotechnical, environmental, etc.) necessary to make 
the cost estimates for the first  action level.  Section 4.24.3.11 describes the abbreviated cost 
estimating method for subsequent action levels. 

4.24.3.0 General Design  

This section summarizes the preliminary design information provided by ND BIA and its 
consulting engineers, Kadrmas, Lee, and Jackson.  This information is preliminary, but is 
based on construction plans and profiles provided by Kadrmas, Lee and Jackson: Project 
Number ERFO-BIA#6.  The maximum wind-induced wave height along this feature 
based on fetch, depth of water, and the side slope was calculated to be approximately 2 
feet above lake elevation.  This wave height is used to compute the lake elevation at 
which damage will occur to the roadway due to wave action.  The incremental raise 
implemented in the Fall 2002 will be sufficient until the lake level rises to 1453.9, when 
the road would again become unusable due to wave action. 

Alignment 

Figure 4.24-1 shows the alignment of the existing BIA Highway 6.  The raised roadway 
will follow the same alignment.  The length of BIA Highway 6 between Fort Totten and 
ND Highway 20 that is being raised is approximately 4,700 feet.  Only one segment of 
the highway is currently below the planned raise to 1456.9.  The segment is located to the 
west of ND Highway 20, beginning approximately 1.36 miles west of its intersection 
with BIA 6 and ending approximately 2,500 feet west of that intersection.  

Figure 4.24-4 shows the existing road profile and the raised road profile. 
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Cross-Section 

Figure 4.24-3 shows a typical cross-section of the proposed road raise.  The raise will 
maintain the existing road centerline.  Fill will be placed on each side of the existing 
embankment wide enough to provide a base width to accommodate potential future raises 
to an ultimate road surface at 1465.  This section is based on ERFO Road Repair 
Project – BIA #6, July 2001, by Kadrmas, Lee, and Jackson.  The road top width was 
assumed to be 34 feet.  The minimum raised road elevation is assumed to be 1456.9 top 
of pavement.  Bituminous surfacing will be 34 feet in width, and will be 4.5 inches in 
depth.  The shoulder side slopes are broken up into three different slopes.  The first side 
slope runs 12 feet horizontally and is at 6H:1V on both the sides.  The second side slope 
is 24H:1V on both sides, and varies in length depending upon the elevation of the road.  
The final side slope is 5H:1V, and runs to the surrounding ground elevation.  This is 
being done so that if the lake continues to rise, all future raises can be done above water.  
It was assumed that unsuitable foundation soils, averaging 1 foot in depth, will be 
stripped along the existing embankment toe prior to placement of road fill.  

Materials 

It was assumed that the roadway fill would be constructed from readily available native 
silty clay and clay loam.  These materials are suitable for road embankment construction.  
The top 12 inches of the roadway section will be constructed of commercially available 
aggregate surface course material.   

Erosion Protection 

On both sides of the road, riprap was designed to be placed over geotextile (no additional 
bedding material) from elevation 1449.5 to one foot below the water surface.  No topsoil 
or seeding was assumed for the raised roadbed. 

4.24.3.1 Site Geology 

No analysis of site geology was completed for BIA Highway 6 because the road raise 
described is currently being implemented. 

4.24.3.2 Hydrology/Interior Drainage issues 

It is assumed that culverts will be placed through the raised roadway embankment to 
allow for water level equalization on both sides of the roadway.  Any existing culverts 
through the raised roadway were assumed to be filled and abandoned in place.   
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4.24.3.3 Real Estate Requirements 

Minimum right-of-way requirements for the road raise are assumed to extend 15 feet 
beyond the toe on each side of the raised embankment.  The 15-foot buffer will provide 
sufficient room for temporary construction activities and long-term maintenance access. 

4.24.3.4 Env ironmental/Cultural issues 

No environmental/cultural analysis was completed for BIA Highway 6 because the road 
raise described is currently being implemented. 

4.24.3.5 Effects on Existing Infrastructure and Utilities 

Utilit ies located along the existing right-of-way limits were not analyzed because the road 
raise described is currently being implemented.  With the exception of drainage culverts 
discussed above, no other infrastructure or utilit ies are expected to be impacted. 

4.24.3.6 Interdependencies 

The protection of BIA Highway 6 is related to the protection of several other features: 

•  Feature 3: Fort Totten – Fort Totten is functionally dependent on BIA Highway 6 and 
would be affected if it  were temporarily closed. 

•  Feature 5: St. Michael – St. Michael is functionally dependent on BIA Highway 6 
and would be affected if it  were temporarily closed. 

•  Feature 14: ND Highway 57 – If BIA Highway 6 were temporarily closed, traffic on 
ND Highway 57 would increase as a detour route. 

•  Feature 15: ND Highway 57 – If BIA Highway 6 were temporarily closed, traffic on 
ND Highway 57 would increase as a detour route. 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) – If BIA Highway 6 were 
temporarily closed, traffic on ND Highway 20 (ND Highway 57 to Tokio) would 
increase as a detour route. 

•  Feature 23: BIA Highway 1 – BIA Highway 1 would likely experience higher traffic 
if BIA Highway 6 were closed. 

•  Feature 25: Roads Acting as Dams – If lake levels rise and the water levels on each 
side of any nearby roads acting as dams are allowed to equalize, the raising of BIA 
Highway 6 may be necessary to allow its continued use.  However, if appropriate 
levee protection along the roads currently acting as dams is provided, portions of BIA 
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Highway 6 would be protected by those levees.  In that case, the BIA Highway 6 may 
not require as much raised length. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.24.3.7 O&M 

Operation and maintenance requirements for the raised roadway would be similar to the 
unimpacted roadway with respect to road surface maintenance and shoulder and slope 
mowing.  The increase in O&M on the adjacent routes that are used as detours would be 
approximately equal to O&M on the temporarily closed road.  Additional maintenance 
requirements for the raised roadway sections would include maintenance of the riprap on 
both the lake and land sides.   

4.24.3.8 Lead Time Required 

The raising of BIA Highway 6 began in Fall 2002 and is expected to be completed in 
2003. 

4.24.3.9 Potential Problems and Risks 

No analysis of potential problems and risks was completed for BIA Highway 6 because 
the road raise described has already been initiated. 

4.24.3.10 Data Deficiencies   

No identification of data deficiencies was completed for BIA Highway 6 because the 
road raise described has already been initiated. 

4.24.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

Feature 24 was raised and widened to accommodate future raises in Fall 2002, so no 
economic analysis was completed for that current work that would correspond to Action 
Level 1 (AL1).  An abbreviated method was necessary for examining the costs of 
infrastructure protection at action levels above the construction completed in 2002.  The 
estimated costs at action levels subsequent to the first  are presented in Table 4.24-2.  
Estimates of benefits—damages prevented—for subsequent action levels were also 
estimated and are presented in Table 4.24-1. 

The same general approach to calculate costs was used for the subsequent action levels.  
Unit prices were not changed from those used on other features.  However, some of the 
cost items were simply extrapolated for the higher action levels, rather than being 



P:\34\36\020\2002-24 4.24-7 

calculated in detail.   The relevant design and cost assumptions for the abbreviated 
method are listed below. 

Design Assumptions 

•  Raise elevations  

Action Level 2:  5-foot raise to 1461.9 

Action Level 3:  3.1-foot raise to 1465 

•  Cross-section   

Action Level 2:  50.5-foot top width, 5H: 1V side slopes, centerline-aligned raise 

Action Level 3:  50.5-foot top width, 5H: 1V side slopes, centerline-aligned raise 

•  Length   

Action Level 2:  Total length of raised roadway- 5,960 feet 

Action Level 3:  Total length of raised roadway- 6,700 feet 

•  Impacted Area 

Action Level 2:  Incremental area impacted by raised roadway- 1.2 acres 

Action Level 3:  Incremental area impacted by raised roadway- 1.3 acres 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.24-2.  The geological/geotechnical and 
environmental quantities and costs were estimated based on similar feature costs. Real 
Estate costs were assumed to be proportional to the first  raise costs. 

4.24.4 Economics of Flood Protection 
Damages: For BIA Highway 6, the damages resulting from flooding were estimated between the 
current raise and the maximum lake level (1463).  The damage computations for BIA Highway 6 
are summarized in the accompanying Table 4.24-1. 

The detour damages for BIA Highway 6 assume that Feature 22, ND Highway 20 (ND Highway 
57 to Tokio), is closed, and traffic is routed around the lake if BIA Highway 6 is temporarily 
closed.  This was one of the four features in the Economics Analysis that was credited with the 
large detour damages around the lake (See discussion in Section 2.0.1.5).  The computation of 
basin-wide damages required certain assumptions regarding interdependent roads in order to 
ensure that the basin-wide Economic Analysis was accurately representing overall traffic patterns.  
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BIA Highway 6 was assigned the large detour damages because the roadway was less expensive 
to raise than ND Highway 20, and temporary closure of both segments would cause large detours.   

The top portion of Table 4.24-1 gives a summary of the annual detour damages that would occur 
during the years when the highway was flooded.  It  also shows road restoration damages that can 
be expected when the lake recedes. 

The lower portion of the table shows the breakdown of these summary values.  It  gives quantities 
in terms of miles per year (of extra miles traveled as a result of detours) and hours per year (of 
additional travel t ime resulting from detours) for the detour damages.  Also shown are quantities 
and line-item damages for excavation, geotextile fabric, aggregate base course, fill, bituminous 
pavement, and riprap for road restoration work when waters recede. 

The unit prices for all the damage computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the damage computations, data sources, and other 
aspects of the economic analysis for BIA Highway 6 are listed in the BIA Highway 6 
Assumptions listing, appended to this Section 4.24. 

Costs: The cost of providing flood protection for BIA Highway 6 by raising the approximately 
4,700 feet of road to minimum elevation 1456.9 has been bid at $1,817,000.  The costs of 
providing flood protection for subsequent action levels are detailed in the accompanying Table 
4.24-2.  Quantities and line-item totals are listed.   

The top portion of the table gives the costs of providing flood protection (as represented in the 
analysis) by action level.  The lower portion of the table gives a breakdown of the quantities and 
costs by line item. 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for BIA Highway 6 are listed in the BIA Highway 6 
Assumptions listing, appended to this Section 4.24. 

Contingencies:  The contingency percentages used for construction materials ranged from 30 to 
50% (Table 4.24-2).  Contingencies for riprap, fill material, and geotechnical items were 
estimated at the higher end of the range because of the potential variability in the quantities and 
unit prices. 

4.24.5  Economic Analysis Results 
The flood protection strategy that was analyzed was incremental road raises, which is highlighted 
on the decision tree (Figure 4.24-2).  The results of the Infrastructure Protection Study for BIA 
Highway 6 are listed in Table 4.24-3a for the analysis of all action levels.  No economic analysis 
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was completed for the first  action level for BIA Highway 6, because the road raise described has 
already been initiated. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for BIA Highway 6, the Infrastructure Protection Study 
analysis provided relevant economic indices for the incremental road raises.  The annual net 
benefits for this approach were greater than zero ($740,900).  The BCR for this approach was 
greater than one (35.46).  These results indicate that this strategy is economically justified.  The 
present worth annualized detour damages that would be prevented by this strategy were computed 
to be $757,900.  The stochastic results are averages over 10,000 traces. 

The large net benefits for this feature are primarily the result  of the large detour damages when 
the road is temporarily closed.  If it  were assumed that ND Highway 20 would be available as the 
detour route, the net benefits for this feature would be significantly lower, potentially changing 
the economic feasibility of the flood protection strategy.  

Multiple  Action Level Results for Specific Scenarios:  Raising the road was also analyzed 
under each of three specific climate futures.  For BIA Highway 1, the economic indices for each 
of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of raising the 
road were $8,016,700, and the BCR was 52.59, indicating that this strategy was economically 
justified.  For this future, the present worth annualized detour damages that would be 
prevented were computed at $8,155,300. 

•  First Moderate Future – Under the first moderate future climate scenario, the lake levels do 
not reach the first  damage level. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of raising the road were $1,786,800, and the BCR was 26.78, indicating that this 
strategy was economically justified.  For this future, the present worth annualized detour 
damages that would be prevented were computed at $1,842,200. 
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DAMAGES

Annual Detour Damages

Damage Value 
(THOUSANDS)

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

$13,873 200 $561
$13,873 500 $596
$13,873 5,010 $1,118
$13,873 5,310 $1,153
$13,873 5,580 $1,184
$13,873 5,750 $1,204
$13,873 5,980 $1,230
$13,873 6,210 $1,257
$13,873 6,460 $1,286
$13,873 6,700 $1,314
$13,873 6,940 $1,341
$13,873 7,200 $1,372

DAMAGE BREAKDOWN

Description Quantity Unit Unit Cost Value
(THOUSANDS)

Hours/Year 531,430 HR $7.13 $3,789
Miles/Year 29,228,870 MILE $0.35 $10,084

$13,873

Item Unit Cost Contingency Value per LF of Road
Excavation 4.06 CY/LF $3.50 30% $18

Fill Material 2.69 CY/LF $5.00 30% $17
Geotextile Fabric 5.00 SY/LF $2.00 30% $13

Aggregate Base Course 0.92 CY/LF $20.00 30% $24

Bituminous 0.66 Tons/LF $50.00 30% $43
$116

Item Unit Cost Contingency Total Value for Road
Riprap 1.89 CY/LF $40.00 30% $492,383

Geotextile Fabric 3.5 SY/LF $2.00 30% $45,591

$537,974

Quantity per LF of Road
Place riprap from road surface elevation to 
bottom of embankment replacement for 
lowest impacted roadway length

Total

For use under riprap restoration

Table 4.24-1

Flood Damages
Feature 24: BIA Highway 6

Restoration Damages

Devils Lake Infrastructure Protection Study

1458

1460

1462
1463

1459

1461

1455
1456
1457

Lake Elevation 
(MSL)
1454

Restoration 
Damages

Replace 0.5' of subgrade and shoulders (3' 
X 0.5' ea. side)

Description

Description

1464
1465

Quantity per LF of Road

Total

Total

Replace 0.5' of bituminous pavement

Replace top 1.5' of roadway embankment
Place geotextile beneath new aggregate 
base

Annual Detour 
Damages

Removal of existing bituminous (24' X 
0.5'), existing shoulder (3' X 0.5' ea. side), 
existing aggregate base (41' X 0.5'), and 
top 1.5' of existing road embankment fill
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STRATEGY COSTS BY ACTION LEVEL 

Strategy: R(2)

Raise at AL2

$2,325
$0

COST BREAKDOWN

Quantity Units Unit Contingency Value Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Road Raise Raise Top of Road to Elevation 14xx Raise Top of Road to Elevation 14xx

Performance/Payment Bond 1 JB $12,965 10% $14 Performance/Payment Bond 1 JB $12,252 10% $13
Clearing and Grubbing 0.5 AC $3,000 30% $2 Clearing and Grubbing 0.6 AC $3,000 30% $2
Stripping 2,000 CY $1.50 40% $4 Stripping 2,400 CY $1.50 40% $5
Geotextile Fabric 17,000 SY $2.00 30% $44 Geotextile Fabric 12,500 SY $2.00 30% $33
Aggregate Base Course 10,000 CY $20 30% $260 Aggregate Base Course 11,000 CY $20 30% $286
Fill Material 81,000 CY $5.00 50% $608 Fill Material 79,000 CY $5.00 50% $593
Bedding 0 CY $35 30% $0 Bedding 0 CY $35 30% $0
Riprap 10,000 CY $40 40% $560 Riprap 7,500 CY $40 40% $420
Bituminous Pavement 5,500 TON $50 30% $358 Bituminous Pavement 6,000 TON $50 30% $390
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Topsoil 2,500 CY $2.50 30% $8 Topsoil 3,600 CY $2.50 30% $12
Seed 4.4 AC $1,000 30% $6 Seed 6.7 AC $1,000 30% $9
Geotechnical Geotechnical 
Slurry Wall 0 SF $6.00 50% $0 Slurry Wall 0 SF $6.00 50% $0
Borings 2 EA $1,000 50% $3 Borings 1 EA $1,000 50% $2
Environmental Impacts Environmental Impacts
Mitigation 1 LS $1 Mitigation 1 LS $1
HTRW 1 LS $0 HTRW 1 LS $0
Cultural Resources Investigation 1 LS $3 Cultural Resources Investigation 1 LS $3

$1,870 $1,768
Engineering and Design 15% $281 Engineering and Design 15% $265
Supervision and Administration 8% $150 Supervision and Administration 8% $141
Real Estate Acquisition for ROW 1 LS $25 Real Estate Acquisition for ROW 1 LS $38

$2,325 $2,213

  
ANNUAL OPERATION AND MAINTENANCE COSTS

Road Maintenance Costs
(THOUSANDS)

$9
$9

Subtotal

Table 4.24-2

Flood Protection Costs
Feature 24: BIA Highway 6 

Devils Lake Infrastructure Protection Study

R(2)

R(3)

Raise at AL3

$0
(THOUSANDS)

Action Level

AL3 $2,213
AL2

AL3

R(3)
Description

Subtotal

Total Road RaiseTotal Road Raise

AL2

Action Level

Description
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Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $4,500 $757,900 $0 $762,400 $0 $0 --

R(2) 2 Incremental Road Raise $21,500 $0 $21,500 $0 $0 $0 $0 $762,400 $740,900 35.46

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $16,800 $8,155,300 $0 $8,172,100 $0 $0 --

R(2) 2 Incremental Road Raise $155,400 $0 $155,400 $0 $0 $0 $0 $8,172,100 $8,016,700 52.59

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $0 $0 $0 $0 $0 $0 --

R(2) 2 Incremental Road Raise $0 $0 $0 $0 $0 $0 $0 $0 $0 --

Total Benefits Net Benefits Benefit- Cost Ratio

Raise Relocation Total Restoration Detour Relocation Detour Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C = A + B D E F G = D + E + F H = G(A) - G(S) * I = H - C J = H / C

A Temporary Closure During Floods at First Action Level $0 $0 $0 $13,900 $1,842,200 $0 $1,856,100 $0 $0 --

R(2) 2 Incremental Road Raise $69,300 $0 $69,300 $0 $0 $0 $0 $1,856,100 $1,786,800 26.78

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for "temporary closure strategy" minus the total damages for the strategy implemented (G(S) ).
The "No Protection" strategy for roads has been defined as temporary closure during floods at the first action level with restoration when the lake recedes.

Moderate Future 2 Scenario (M2-2)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-2)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-2)
(Annual)

Strategy COSTS DAMAGES

Stochastic Analysis (ST-2)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES

Table 4.24 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 24: BIA Highway 6

Devils Lake Infrastructure Protection Study
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Attachment to 4.24: 
BIA Highway 6 Infrastructure Protection Study Assumptions 

A. Existing Road Information 
1. Existing road elevations for the feature were obtained through contact with Spirit  Lake Nation 

representatives, primarily Clarence Greene. 

2. Existing road cross-section for the feature were based on construction drawing typical sections 
obtained from BIA/or their consultants including: 

•  BIA Plans: Project No. 6-10(4), 6/1/1988 

•  BIA Plans: Project No. 05-51-00761, 1977.  

3. Existing road centerline profiles for the features evaluated were obtained from the plans listed 
above.  Plan elevation data was assessed for reasonableness by comparing to the 2000 FEMA 
LIDAR topography.  Where necessary road plan elevation information was supplemented with 
the LIDAR information. 

B. Road Raise 
1. The road raise is based on BIA plans.  The raise height is applied from the top of the existing 

bituminous surface course to the top of the new bituminous surface course.  

2. Cross-Section – The cross-section and profile for the road raise implemented in Fall 2002 is 
based on the plans that have been completed by Kadrmas, Lee and Jackson for the BIA.  The set 
of plans are: 

•  Kadrmas, Lee and Jackson: Project No. ERFO Road Repair Project – BIA #6, 7/27/01, Sheet 
7 of 27 

3. Profile –  

•  Adjacent ground elevations obtained from 2001 LIDAR topography prepared for FEMA 

•  Existing road surface elevations from the following construction drawings: Kadrmas, Lee & 
Jackson Plans, Project No. ERFO – BIA #6, 7/27/01 

•  Raised road surface elevation based on the above set of plans (raise occurred in 2002) 

•  Stationing based on the stationing used in the above-referenced drawings 
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C. Geotechnical 
1. No geotechnical analysis was completed for this feature. 

D. Road Restoration 
1. For damage calculations, it  was assumed that, if the feature were temporarily closed, it  would be 

restored after the lake level has receded to the minimum road surface elevation less the assumed 
wave runup (the “Lake Damage Elevation”).   

2. Restoration damages were calculated assuming that the bituminous surfacing, shoulder and 
aggregate subgrade would be removed along with an additional 1.5 feet of embankment material.  
Those materials would then be replaced in kind over a geotextile.  It  was assumed riprap would 
be placed on the lake side slope over geotextile from the road surface elevation to the bottom of 
the embankment replacement.  The riprap would be placed along the length of roadway lying 
below the receded lake damage elevation.  The receded lake damage elevation is defined as the 
receded lake elevation plus the calculated wind-induced wave height. 

E. Detours  
1. Detour damages were included for every year that the feature is temporarily closed, as well as for 

the first  year that the lake has receded.  It  was assumed that during the first  year after the lake has 
receded, the road would be under restoration.  During this first  year, there would be both a detour 
damage and restoration damage.  After this first  year, there would be no further detour or 
restoration damages unless the lake rises to within 1 foot of the road again. 

2. Restoration of a road would only occur after the lake has receded to 2 feet below the lowest 
elevation in that road.  This was based on the assumption that restoration would only occur when 
there is no water on any part of the road and there would be only minor potential for wave action 
damage on the road. 

3. Detour damages were calculated using a cost of $7 per hour of additional travel t ime, 1.5 people 
per vehicle, and $0.32 per mile for additional travel distance (Corps of Engineers, March, 2001).  
Additional t ime and miles traveled were taken from the results of the QRS II model used in 
Devils Lake Flood Control: Economics Database Update: Transportation Report, Barr 
Engineering Company, January 1998.  The QRS II model determines the overall effect of a 
closed road on an entire network of traffic, incorporating the fact that traffic consists of trips 
having different origins and destinations. 

4. There is more commitment on the part of the North Dakota Department of Transportation 
(NDDOT) to the Highway 57 causeway than to the Highway 20 causeway through The Narrows.  
Therefore, Highway 57 was assumed to be the detour route for the Highway 20 causeway.  If the 
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Highway 57 causeway was temporarily closed during flooding, it  was assumed that the 
Highway 20 causeway would also be temporarily closed. 

5. The detour route for Highway 57 is around the lake to the west via Highway 281 and 
Highway 19.  Woods-Rutten Road was considered as a detour route for Highway 57, but it  was 
not retained as a viable alternative, because it  would have to be significantly raised and improved 
to carry the traffic of Highway 57. 

6. Detour paths were determined assuming that all other featured roads would be open (with three 
exceptions: the Highway 57 detour assumes that Highway 20 across The Narrows is closed and 
both the BIA 1 and the BIA 6 detours assume that Highway 20 from Highway 57 to Tokio is 
closed).  No effort was made to link detour routes with lake level.  However, if a featured road 
was presented as a detour route, an “ interdependency” was noted. 

7. The analysis of Features 23 (BIA 1 between Highway 57 and BIA 6) and Feature 24 (BIA 6 
between Highway 20 and Fort Totten) assumed that Feature 22 (Highway 20 between 
Highway 57 and Tokio) is temporarily closed during high lake levels.  BIA 1 and BIA 6 are part 
of the north-south detour for Highway 20 and the preliminary analysis indicated that Feature 22 
would likely be temporarily closed during high lake levels. 

8. Two features can have mutually interdependent detour routes if they are the most reasonable 
detours.  In these cases, it  was assumed that either the analyzed feature or the other feature would 
be raised or rerouted.  In these cases, the interdependency was noted. 
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4.25 Summary of Infrastructure Protection Investigation for 
Feature 25:  Roads Acting as Dams 

4.25.0 Flood Protection Strategy 
The incremental flood protection that was analyzed for Roads Acting as Dams was incremental 
levee construction. 

4.25.1 General Information  
Feature Type:  Road (Acting as Dams) 

Location:  Two separate areas are currently being offered protection by a road or series of roads 
that are acting as dams and emergency levees.  These areas include:  

1) Mission Township Area—approximately 21 square miles of Mission Township within the 
Spirit  Lake Reservation on the southeast side of Devils Lake between Mission Bay and Black 
T iger Bay 

2) Acorn Ridge Area—an area south of the City of Devils Lake west of ND Highway 20 and 
north of Camp Grafton 

The accompanying Figure 4.25-1 shows these locations and approximate extents of these areas, 
and the inundation extents at the three reference lake levels (1447, 1454, and 1463). 

Description:  The length of roads currently acting as dams is approximately 7 miles.  The roads 
acting as dams issue originated in 1995 when culverts under those roads were plugged as part of 
emergency measures to protect existing features.  Currently, the difference in water levels on each 
side of the road is as much as 12 feet.  This pressure difference is a potential safety hazard since 
the roads were not designed to be utilized as dams. 

Three emergency levees and portions of ND Highway 20, BIA Highway 4, and BIA Highway 5 
that are acting as dams protect the Mission Township area between Mission Bay and Black Tiger 
Bay.  The Acorn Ridge area is protected by a section of ND Highway 20 that is acting as a dam.   

Significance:  The roads acting as dams, particularly ND Highway 20, are major arterial routes 
carrying traffic to and through the Mission Township area.  By virtue of the roads acting as dams, 
several square miles of land and several rural structures are protected that would otherwise be 
inundated.   

Damages: The loss of the protection of these areas (to lake elevation 1451) would result  in the 
following damages: 
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•  Potential loss of the sections of ND Highway 20 (Features 21 and 22), BIA Highway 4, and 
BIA Highway 5 that are currently acting as dams and are below Elevation 1455 (assuming 
4 feet of freeboard is required to prevent wave damage to the road surfaces) 

•  Loss of sections of BIA Highway 6 (Feature 24), BIA Highway 9, BIA Highway 2, and 
Military Road that lie within the protected area (portions of BIA Highway 1 would also be 
protected at higher elevations) 

•  Loss of 34 residential structures in Mission Township Area, 12 residential structures in 
Highway 57/1 Area, and 15 residential structures in the Acorn Ridge Area (Feature 8.1) 

•  Loss of rural farmsteads, including: barns, sheds, silos, etc. 

•  Loss of 1 commercial structure in Mission Township Area 

•  Loss of the North Sewage Lagoons at St. Michael 

•  Loss of rural land area 

O wner/Sponsor:  The North Dakota Department of Transportation (ND DOT) is responsible for 
maintaining ND Highway 20.  The US Department of Interior, Bureau of Indian Affairs is 
responsible for managing and maintaining BIA Highway 1, BIA Highway 4, BIA Highway 5 BIA 
Highway 9, and BIA Highway 6. 

Lead Federal Agency:  Several agencies would be responsible for any flood protection that may 
take place for Roads Acting as Dams.  The Corps would take the lead for any levee flood 
protection that may take place.  The Federal Emergency Management Agency (FEMA) would 
coordinate relocation of structures.  ND DOT would take the lead in installing pipe(s) to equalize 
water on both sides of the roadway, and to raise the elevation of state roads.  The BIA would take 
the lead on raising the BIA roads and individual counties would be responsible for flood 
protection of county roads.   

4.25.2 Feature Protection 
History of Flood Protection:  In the past, flood protection in the areas protected by Roads 
Acting as Dams has consisted of (1) incremental raising of the roads when the water level 
approaches the road surface, and (2) construction of emergency levees.  The initial raising of the 
roads generally included plugging of drainage culverts, which has allowed the roads to act as 
dams holding back lake water and providing protection to areas on the opposite side of the roads.  
These actions are summarized in the table below. 
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Feature 25 Flood Protection History 
Road Raises 

Road Location 
Road Surface 

Elevation Length (miles) 
Year 

Constructed 
ND Hwy 20 Acorn Ridge Area 1443 0.28 1997 
ND Hwy 20 Acorn Ridge Area 1455 1.27 2001 
ND Hwy 20 From ND Highway 57 to 

Tokio 
1447.5 1.91 1997 

ND Hwy 20 From ND Highway 57 to 
Tokio 

1451.5 3.71 1999 

ND Hwy 20 Narrows Areas 1455 
(1465 bridge) 

1.2 2001 

BIA Hwy 4 From BIA Highway 1 to 
ND Highway 20 

1450.5 1.98 1999 

BIA Hwy 5 From BIA Highway 4 to 
ND Highway 20 

1450.5 0.55 1999 

BIA Hwy 6 Between BIA Hwy 1 and 
ND Hwy 20 

1456.9 0.9 2002 

Emergency Levees  

Location Crest Elevation 
Approximate 
Length (feet) 

Year 
Constructed 

1445 500 1997 
1447.6 750 1998 

Section 35 (west) 

1452 1000 2001 
1445 400 1997 
1449 500 1998 

Section 35 (central) 

1453 600 2001 
1445 750 1997 
1449 1000 1998 

 

Section 31 

1453 1200 2001 

 

General Protection Strategy:  The assumed flood protection strategy for each of these areas is 
as follows: 

1) Mission Township Area 

This area would be protected by a series of levees designated on Figure 4.25-1 as Levees 25A 
through 25J.  Levee25A would be constructed adjacent to the embankments of BIA 
Highways 4 and 5 on the land side and utilize those embankments for cofferdams on the lake 
side.  Construction would require temporary cofferdam construction on the land side were 
water currently inundates the levee foundation area.  Levees 25B, C, and G would be 
constructed adjacent to and on the land side of the emergency levees in those areas.  A 
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cofferdam was assumed to be required on the land side of Levee 25G.  Levees 25D, E and F 
are freeboard levees (base elevation is above the design lake level and height of the levee 
only provides freeboard protection), so can be constructed without cofferdams.  A cofferdam 
was assumed to be required on both the land side and lake side of Levees 25I and 25J.  
Equalization culverts would be placed through ND Highway 20 and BIA Highways 4 and 5 
to prevent those roadway embankments from acting as levees.   

2) Acorn Ridge Area 

This area would be protected by a levee, constructed parallel to the portion of ND Highway 
20 currently acting as a dam.  Levee 25K would be constructed adjacent to the road 
embankment on the land side and utilize that embankment for a cofferdams on the lake side.  
Construction would require temporary cofferdam construction on the land side were water 
currently inundates the levee foundation area.   

Protection Strategy by Lake Level:  The current analysis evaluated construction of perimeter 
levees to protect the same areas as the Roads Acting as Dams, without utilizing the roads that are 
acting as dams.  The no protection option for this feature was temporary inundation of the areas 
by breaching the roads acting as dams and allowing water levels to equalize on each side of the 
roadways (the no action strategy).  Under the no protection strategy, the flood protection 
strategies for the features affected by the Roads Acting as Dams would be analyzed on a feature-
by-feature basis (See the corresponding feature descriptions). 

Figure 4.25-2 shows the Decision Tree for incremental protection in the Roads Acting as Dams 
areas.  As shown on Figure 4.25-2, the stepwise approach to flood protection by Roads Acting as 
Dams consisted of the following: 

1. At Action Level 1 (AL1), a decision would be made as to whether the Roads Acting as Dams 
would be breached and the water levels allowed to equalize, or levees would be constructed 
with crest elevation 1455 to continue to protect these areas to lake elevation of 1451 (3-foot 
design wave runup plus additional 1-foot freeboard).  If the former strategy is chosen, the 
areas that are currently protected will become inundated and the structures and features in 
each area below Elevation 1452 would be damaged.  Other flood protection strategies may be 
implemented for each feature, as discussed in the respective feature descriptions. 

2. If the levees were constructed at AL1, at Action Level 2 (AL2), the levees would be raised to 
crest elevation 1462 to protect the areas to lake elevation 1458 (3-foot design wave runup 
plus additional 1-foot freeboard).   
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3. If the levees were raised at AL2, at Action Level 3 (AL3), the levees would be raised to crest 
elevation 1468 to protect the areas to lake elevation 1463 (4-foot design wave runup plus 
additional 1-foot freeboard).   

The reference elevations for the first  action level of the flood protection strategy as used 
elsewhere in this study, have already been exceeded.  Roads are currently acting as dams, where 
such a condition is not desired.  If the Roads Acting as Dams are breached and water levels 
allowed to equalize (alleviating the concern for dam failure), damages to buildings, roads and 
land will be incurred immediately. 

Reference Elevations for Mission Township Area 
Elevation 

AL1 AL2 AL3 Name Significance 
1441.6 1455 1462 Low Structure Elevation Low sill on lowest building or 

minimum road elevation 
Current 1452 1459 Lake Damage Elevation Lake elevation at which damage to 

lowest building occurs 
Current 1450 1457 Project Completion 

Elevation 
Lake elevation at which levee 
construction must be complete 

Current Current 1455 Construction Initiation 
Elevation 

Lake elevation at which levee 
construction must begin 

Current Current 1454 Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 

 

Reference Elevations for Acorn Ridge Area 
Elevation 

AL1 AL2 AL3 Name Significance 
1440 1455 1462 Low Structure Elevation Low sill on lowest building or 

minimum road elevation 
Current 1452 1459 Lake Damage Elevation Lake elevation at which damage to 

lowest building occurs 
Current 1450 1457 Project Completion 

Elevation 
Lake elevation at which levee 
construction must be complete 

Current Current 1455 Construction Initiation 
Elevation 

Lake elevation at which levee 
construction must begin 

Current Current 1454 Planning and Design 
Initiation Elevation 

Lake elevation at which planning 
and design process must begin 
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4.25.3 Design Considerations 
Sections 4.25.3.0 through 4.25.3.10 describe the analysis of the design of flood protection 
measures, as well as other considerations (geotechnical, environmental, etc.) necessary to make 
the cost estimates for the first  action level.  Section 4.25.3.11 describes the abbreviated cost 
estimating method for subsequent action levels. 

4.25.3.0 General Design  

The general plan for flood protection in the Mission Township and Acorn Ridge areas 
includes the construction of protective levees, as is shown on Figure 4.25-1. 

Alignment 

The Mission Township area levees would include a parallel levee (25A) adjacent to the 
portions of BIA Highway 4 and 5 acting as dams.  This levee would be constructed on the 
land side to take advantage of the existing roadway embankments as cofferdams on the 
lake side.  The remaining Mission Township area levees (25B through 25J) would be 
perimeter levees constructed across low points in the existing area topography.  The 
alignment of the perimeter levees generally follow the alignments shown in the October 
1997 Spirit Lake Nation Reservation Alternative Assessment. 

The Acorn Ridge area levee would be a parallel levee constructed on the land side of the 
portion of ND Highway 20 acting as a dam to take advantage of the existing roadway 
embankment as a cofferdam on the lake side. 

The table below includes a list  of the proposed levee lengths (lake protection elevation 
1451): 

Levee AL1 
25A 11,200 
25B 1,120 
25C 1,220 
25D 850 
25E 1,340 
25F 430 
25G 2,550 
25H 4,620 
25I 2,180 
25J 1,360 
25K 2,600 
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Cross-section 

Figure 4.25-3a shows a typical cross-section of the proposed parallel levees (25A and 
25K).  Figure 4.25.3b shows a typical cross-section of the proposed parallel levees (25B 
through 25J).  The levee crest elevation was assumed to be 1455 to provide protection to 
a lake elevation of 1451.  The 4-foot freeboard is consistent with previous studies and 
was found to be adequate for the calculated wind-induced wave run up plus at least 1 foot 
of additional freeboard at all levee locations. 

The top widths for the levees were assumed to be 15 feet (10 feet of compacted fill and 
5 feet of riprap tie-in).  The side slopes are 3H:1V on the interior (land side) of the levee.  
The side slopes on the lake side of the perimeter levees are 6H:1V.  The parallel levee 
section has a steeper lake side slope (rather than the typical 6H:1V) because it  is assumed 
the roadway embankment immediately adjacent to the levee will remain in place.  The 
top and interior side of the levees will be covered with 4 inches of topsoil and seeded.  

An impervious core was also assumed for all levees, with a top elevation of the core 
being 1450.  A sand drain was assumed for all levees greater than 4 feet high, with a top 
elevation of the sand drain being 1448.  The top of the sand drain layer at elevation 1448 
would be 4 feet wide.  The sand drain would then slope down at a 1:1 (H:V) slope and be 
2 feet thick along the rest of its length (depending on the height of the levee).  The actual 
sand drain elevations should be reviewed during final design and during construction of 
each levee addition. 

Cofferdams were assumed to have a crest elevation of 1450 on the lake side and 1445 on 
the land side.  Crest width was 10 feet and side slopes at 3H:1V. 

Profile 

Figures 4.25-4a- 4.25-4k shows the profile of the proposed levees.  The tops of the levees 
are at 1455. 

Materials   

It was assumed that the levees and cofferdams would be constructed from readily 
available native silty clay and clay loam.  These materials are relatively impermeable, 
and are suitable for levee construction.   

Erosion Protection 

The exterior side slopes of all levees will require erosion protection due to wave action.  
The calculated wind-induced wave height (run up) was 4 feet.  The riprap thickness was 
assumed to be 18 inches for each levee section, based on COE methods described in 
EM1110-2-1601.  A 12-inch granular filter was assumed for bedding under the riprap for 
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each of the levees.  The exterior (lake side) slopes are protected with riprap to the top of 
the levee, with a 5-foot tie-in.  The interior side slopes would not be protected with 
riprap. 

The wind-induced wave height is also used to compute the lake elevation at which 
damage will occur to the levee due to wave action.  

Cofferdams were assumed to have riprap on the water side from the crest to a distance 
down slope 5 feet vertically. 

Construction Considerations 

The top 12 inches of ground surface would be stripped prior to construction for better 
adhesion between the ground and the levee.  An inspection trench would also be 
constructed for all levees to permit observation of the top 6 feet of foundation materials. 

It is assumed that the levees would be constructed in the dry to allow examination of the 
foundation when it  is under water and better quality control over the placement of levee 
materials.  Construction of levees 25A and 25K will require construction of cofferdams 
on the side opposite the existing highway embankments, which will be utilized as 
cofferdams on the lake side.  Levees 25B, C and G are assumed to be constructed inland 
from the emergency levees in those areas, so will not need additional cofferdams.  It  is 
assumed levees 25D, E and F will be constructed before the lake level reaches the base 
elevation of those levees, so no cofferdams will be necessary.  A portion of levee 25H 
and levees 25I and 25 J will require cofferdams on both sides to allow the levees to be 
constructed in dry conditions.   

Cofferdams were assumed to be placed in wet conditions.  After construction of the 
cofferdam, the interior water behind the cofferdams can be pumped out to facilitate 
examination of the foundation, stripping of the top layer of ground and construction of 
the inspection trench.  Cofferdam and associated dewatering costs are included in the 
feature cost estimates. 

4.25.3.1 Site Geology 

In the area of Devils Lake, Late Wisconsin age glacial deposits of varying thickness 
overly deposits of earlier glaciations and/or Cretaceous age bedrock.  Thin lacustrine 
deposits from the current and prehistoric Lake Minnewaukan are also present in the 
Devils Lake basin.  All the glacial deposits in this area are part of the Coleharbor 
Formation. 
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The area proposed for Roads Acting as Dams is covered by two deposits: boulder clay till 
in a low-relief stagnation moraine of the Coleharbor Formation as the high ground, with 
silt  and clay facies lake bed deposits from past high stands of the lake (prehistoric Lake 
Minnewaukan) in the low areas which are now beneath the current lake.  Beach deposits 
are present in some areas along the slope break surrounding the lake plain.  These 
deposits tend to be too small in area to be shown on the county geologic map, but are 
apparent in the county soil maps. 

The predominant glacial t ill is generally composed of silty clay with sand, pebbles, 
cobbles, and boulders.  This deposit  is yellowish brown in the oxidized zone in the 
uppermost 10 to 25 feet near the ground surface, and olive gray at depth.  The till is 
mapped as part of the boulder clay facies of the Coleharbor Formation.   

The lake and glacial deposits range from about 70 to 150 feet in thickness.  In some 
places, sand and gravel make up most of the soil section.  The bedrock is Cretaceous 
Pierre Shale.  

The proposed Roads Acting as Dams cross the following soil types, which have the 
indicated comments with respect to levee construction: 

•  Segment 25A4 

− 113 Bottineau loam; CL, CL-ML; till; Severe: low strength  

− 31B Towner fine sand; SM.  SM-SC; Moderate: frost action (2 to 3 feet thick) 

− 99C Claire loamy coarse sand; SP, SP-SM; beach; Slight (+4 feet thick) 

− 107 Minnewaukan loamy fine sand; SM, SM-SP; beach – Severe: wetness, 
floods (+5 feet) 

− 101&106 Lallie loam; ML, CL; lake bed; Severe: wetness, floods, low strength 

− 104 Lallie loam, saline; CL, CL-ML, CH; lake bed; Severe: low strength, 
wetness, floods 

•  Segment 25A5 

− 110 Bottineau loam; CL, CL-ML; till; Severe: low strength  

− 31B Towner fine sand; SM.  SM-SC; Moderate: frost action (2 to 3 feet thick) 

− 109 Aquents; CL, CL-ML; lake bed; Severe: low strength, flooding, wetness 

− 104 Lallie loam, saline; CL, CL-ML, CH; lake bed; Severe: low strength, 
wetness, floods 

− 106 Lallie loam; ML, CL; lake bed; Severe: wetness, floods, low strength 
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•  Segment 25B 

− 110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength  

− 42 Gardena silt  loam; ML; beach; Severe: frost action (+5 feet thick) 

− 59B Maddock-Hecla fine loamy sand; SM, SP-SM, SM-SC; Moderate: frost 
action (+5 feet) 

− 31B Towner fine sand; SM.  SM-SC; Moderate: frost action (2 to 3 feet thick) 

•  Segment 25C 

− 113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

− 31B Towner fine sand; SM.  SM-SC; beach; Moderate: frost action (2 to 3 feet 
thick) 

− 99C Claire loamy coarse sand; SP, SP-SM; beach; Slight (+4 feet thick) 

− 109 Aquents; CL, CL-ML; lake bed; Severe: low strength, flooding, wetness 

•  Segment 25D 

− 110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

•  Segment 25E 

− 110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

− 12B Barnes-Svea loams, CL, CL-ML, till; Moderate: frost action, low strength 

•  Segment 25F 

− 110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

•  Segment 25G 

− 110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

− 101 Lallie loam; ML, CL; lake bed; Severe: wetness, floods, low strength 

− 99C Claire loamy coarse sand; SP, SP-SM; beach; Slight (+4 feet thick) 

− 14 Svea-Hamerly loams; CL, CL-ML; till; Severe: low strength 

− 45 Beardon silt  loam; CL-ML, CL; lake bed – Severe: frost action, low strength 

•  Segment 25H 

− 110&113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

− 101 Lallie loam; ML, CL; lake bed – Severe: wetness, floods, low strength 

− 90 Lallie loam; Ml, CL; lake bed; Severe: wetness, floods, low strength 

− 107 Minnewaukan loamy fine sand; SM, SM-SP; beach – Severe: wetness, 
floods (+5 feet) 
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− 68B Arvilla sandy loam; SM, SC, SM-SC; beach; Slight (++5 feet, coarse sand & 
gravel at depth) 

•  Segment 25I 

− 113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

− 109 Aquents; CL, CL-ML; lake bed; Severe: low strength, flooding, wetness 

− 90&101&106 Lallie loam; Ml, CL; lake bed; Severe: wetness, floods, low 
strength 

− 99C Claire loamy coarse sand; SP, SP-SM; beach; Slight (+4 feet thick) 

•  Segment 25J 

− 113 Bottineau loam; CL, CL-ML; till; Severe: low strength 

− 109 Aquents; CL, CL-ML; lake bed; Severe: low strength, flooding, wetness 

− 90&106 Lallie loam; ML, CL; lake bed; Severe: wetness, floods, low strength 

− 99C Claire loamy coarse sand; SP, SP-SM; beach; Slight (+4 feet thick) 

− 13C Barnes-Buse loams; CL, CL-ML; till; Moderate: frost action, low strength 

•  Segment 25K 

− 12B&31 Barnes-Svea loams, CL, CL-ML, till; Moderate: frost action, low 
strength 

− 50B Towner sandy loam; SM, SM-SC; Moderate: frost action (2 feet thick) 

− 70 Lallie clay loam; ML, CL, CL-ML, CH; lake bed; Severe: low strength, 
flooding, wetness 

− 78C Wamduska loamy sand; SP-SM, GM, GP; beach; Slight (+5 feet thick) 

− 84 Bottineau loam; CL, CL-ML; till; Severe: low strength 

“Slight” means soil properties and site characteristics are generally favorable for this use.  
“Severe” means special design may be required.  Wetness and flooding are a given, since 
much of the area is already inundated.   

Following is a summary of the anticipated borings and mitigation: 

Segment Borings Cut O ff Wall Lake Bed 
25A4 Borings – 6 Cut off wall – 3800 *20 feet Lake bed – 2400 *5 feet 
25A5 Borings – 3 Cut off wall – 0 (200 feet of 

sand can probably be 
excavated) 

Lake bed – 2800 *3 feet 

25B Borings – 3 Cut off wall – 900 * 20 Lake bed – 0 
25C Borings – 3 Cut off wall – 1000 * 10 feet Lake bed  - 200 * 1 
25D Borings – 1 Cut off wall - 0 Lake bed - 0 
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Segment Borings Cut O ff Wall Lake Bed 
25E Borings – 1 Cut off wall – 0 Lake bed – 0 
25F Borings – 1 Cut off wall – 0 Lake bed – 0 
25G Borings – 3 Cut off wall – 200 * 15 feet Lake bed – 1800 * 3 feet 
25H Borings – 10 Cut off wall – 4000 * 20 feet Lake bed – 400 * 2 feet 
25I Borings – 3 Cut off wall – 200 * 20 feet Lake bed – 1800 * 10 feet 
25J Borings – 3 Cut off wall – 200 * 20 feet Lake bed – 1200 *5 feet 
25K Borings – 6 Cut off wall – 1400 * 20 feet Lake bed – 1800 * 5 feet 

There are extensive beach deposits in the area of 25A-K.  This is an indication that there 
may be exposed or shallowly buried glacial outwash deposits (sand and gravel), which 
could affect the performance of roads as dams. 

4.25.3.2 Hydrology/Interior Drainage Issues 

Hydrology 

An analysis of the internal drainage system was completed to assist  with the sizing of an 
interior pump station to remove the accumulation of water from the interior area behind 
the levees.  The analysis investigated the amount of water expected from precipitation, 
seepage through the levees, and groundwater seepage underneath the levees.   

The interior drainage tributary watersheds were estimated from USGS quadrangle maps 
and 1-foot LIDAR contours.  The tributary area inside the flood barrier for the Mission 
Township Area was about 33 square miles (divided into 22 watersheds) and the Acorn 
Ridge area was about 0.2 square miles.  Land use in the tributary areas is mainly cover 
crop and woodland, with smaller portions of grassland and surface water.  The resulting 
peak flow rate to the pumping station is 222 cfs for Mission Township and 58 cfs for the 
Acorn Ridge area.   

The pump station for Mission Township was designed to maintain the interior water level 
at an elevation of 1442.  The total ponding area was calculated to be 3,338 acres; this 
includes currently inundated ponding areas. 

In order to keep interior roads passable during periods of upper basin ponding, sections of 
BIA Highway 4, BIA Highway 2, BIA Highway 6 and 38th Street and 42nd Street were 
assumed to be raised.  New culverts were designed at these road crossings.  

Pumping Requirements 

The interior drainage system was designed to provide a minimum of 1-foot freeboard for 
structures and 2-foot freeboard for roads during the 100-year event.  The capacity of the 
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pumps designed for Mission Township and the Acorn Ridge area are summarized in the 
table below. 

Roads As Dams 

Pumps Location 
Flow 
(cfs) 

Elevation 
Top of Levee 

Minimum Pond 
Water Level 

Total 
Design 

Head (ft) 
Power 
(hp) 

1 Mission Township 15 1465 1438.5 26.5 66 
2 Mission Township 20 1465 1439 26 87 
3 Mission Township 20 1465 1439.5 25.5 85 

1 Acorn Ridge 5 1465 1436 29 24 

 

4.25.3.3 Real Estate Requirements 

Right-of-way requirements for the levees are assumed to extend 15 feet beyond the toes 
of the embankments.  The 15-foot buffer will provide sufficient room for temporary 
construction activities and long-term maintenance access. 

Right-of-way requirements for ponding areas include approximately 5 square miles that 
will be inundated during the 100 year, 10-day event.  This includes naturally occurring 
ponds and ponding located at outlet control structures at road crossings. 

4.25.3.4 Env ironmental/Cultural issues 

HTRW 

Current land uses within Feature 25 are generally rural residential, agricultural, and also 
tree covered in some areas, with the exception of the St. Michael’s mixed 
residential/commercial and potential industrial land uses.  Land use does not appear to 
have changed significantly since over time. 

The regulatory record review for zip code 58370 was obtained from FirstSearch on 
September 24, 2002.  No facilit ies appear to be located within the footprint of the 
proposed dams and levees or within the area where the lake may expand. 

Twenty-seven potential HTRW sites identified within the feature are listed below and 
shown on Figure 4.25-1: 

HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category 
HTRW 
Costs 

25-1-1 1 Rural Residences & Farmsteads  $1,500 
25-1-2 1 Rural Residences & Farmsteads  $1,500 
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HTRW Site  Costs 

Site # 
Action Level 

Affected HTRW Category 
HTRW 
Costs 

25-1-3 1 Rural Residences & Farmsteads  $500 
25-1-4 1 Nonresidential Properties * $14,000 
25-1-8 1 Rural Residences & Farmsteads  $500 
25-1-9 1 Railroad Related Land Uses  $5,500 
25-1-10 1 Potential Dumps  $9,000 
25-1-11 1 Rural Residences & Farmsteads  $1,500 
25-1-12 1 Rural Residences & Farmsteads  $1,500 
25-1-13 1 Rural Residences & Farmsteads  $1,500 
25-1-14 1 Rural Residences & Farmsteads  $1,500 
25-1-15 1 Rural Residences & Farmsteads  $1,500 
25-1-16 1 Rural Residences & Farmsteads  $1,500 
25-1-17 1 Rural Residences & Farmsteads  $1,500 
25-1-18 1 Nonresidential Properties  $3,000 
25-1-19 1 Rural Residences & Farmsteads  $500 
25-1-20 1 Excavation or Fill Areas  $5,500 
25-1-21 1 Rural Residences & Farmsteads  $3,000 
25-1-22 1 Potential Dumps  $5,500 
25-1-23 1 Rural Residences & Farmsteads  $1,500 
25-1-24 1 Rural Residences & Farmsteads  $1,500 
25-1-25 1 Rural Residences & Farmsteads  $1,500 
25-1-26 1 Rural Residences & Farmsteads  $1,500 
25-1-27 1 Rural Residences & Farmsteads  $500 

*Cost increased due to size and type of site. 

A more detailed description of site history and a breakdown of costs are in Appendix C.  
A description of environmental concerns associated with these categories is in Section 
4.0. 

Cultural 

This project has the potential to affect eight known sites and three site leads/isolated finds 
as shown on Figure 4.25-1, including seven known sites (32BE0048, 32BE0051, 
32BE0052, 32BE0063, 32BE0085, 32BE0406, 32RY0319) and two isolated finds 
(32BEX0130 and 32BEX0131) discussed for the ND Highway 20 (ND Highway 57 to 
Tokio) project.  Three of the known sites (32BE0048, 32BE0051, and 32BE0052) are 
historical archaeological sites that were surface collected but for which eligibility was not 
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determined.  Two of the known sites (32BE0063 and 32RY0319) are architectural sites.  
Site 32BE0063 is a recent farmstead with a historical barn that was recommended as not 
eligible for listing on the NRHP.  Devils Lake Carnegie Library (32RY0319) has been 
nominated to the NRHP.  Site 32BE0406 (Ironhawk Site) is the only known prehistoric 
archaeological site that may be impacted by the Roads Acting as Dams feature.  This site 
was surface collected and recommended as not eligible for listing on the NRHP.  Site 
32BE0085 is a scatter of non-diagnostic lithic artifacts and a bone fragment that was 
recommended as not eligible for listing on the NRHP. 

Two isolated finds, 32BEX0130 and 32BEX0131, may also fall within the project area of 
potential impact.  Isolated find 32BEX0130 is comprised of “two old car bodies and a 
possible homesite” (NDCRS Form, 32BEX0130, on file at the SHSND), while 
32BEX0131 is comprised of an old stove and scattered metal fragments.  Additional 
archaeological work was not conducted in the vicinity of these finds.  Therefore, 
recommendations of eligibility were not made for either of these isolated finds. 

The additional known site that may be affected by the Roads Acting as Dams project is 
32BE0086 (Dokken Pit Site), an undated scatter of lithics and bone that has not been 
subject to subsurface testing and, therefore, for which a recommendation of eligibility has 
not been made. 

The site lead that may fall within the Roads Acting as Dams area of potential impact is a 
historical archaeological site lead, 32BEX0021 (Narrows Post Office). 

A summary of the evaluation status of known cultural resources is presented in the 
following table. 

Feature 25  Roads Acting as Dams:  Evaluation Status of Known Cultural Resources 

Resource Type 

Resources Listed 
on or Nominated 

for the NRHP 

Resources with 
Recommendations 

(Phase I Survey 
Completed) 

Resources with 
Inconclusive or No 
Recommendations 
(Require Phase I 

Survey) 
Architectural  1 1 0 
Archaeological 0 2 4 
Architectural Site 
Leads/Isolated Finds 

0 0 0 

Archaeological Site 
Leads/Isolated Finds 

0 0 3 

Total 1 3 7 
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The estimated cost to conduct Phase 1 Surveys for each of the seven sites is presented in 
the following table.  The total cost for all surveys is $62,000.  As noted in Section 4.0, 
these costs are believed representative of the cultural resources investigations needed for 
the next stage of study. 

Feature 25 Roads Acting as Dams:  Phase 1 Survey Costs 
Site Number Investigation Type Estimated Cost 
32BE0048 Phase I Archaeological $8,000 
32BE0051 Phase I Archaeological $8,000 
32BE0052 Phase I Archaeological $8,000 
32BE0086 Phase I Archaeological $8,000 
32BEX0021 Phase I Archaeological $14,000 
32BEX0130 Phase I Archaeological $8,000 
32BEX0131 Phase I Archaeological $8,000 

 
Environmental  

The natural resources within the areas impacted by protection measures due to Roads 
Acting as Dams include wetlands, oak forest/woodlands and grasslands.  The acres of 
habitat impacted by land use category are shown on Figure 4.25-1.  Fill used for the 
construction of the road raise could cause environmental impacts due to encroachment 
upon wetlands and upland plant communities.  Additionally, the ponding areas behind 
these roads acting as dams would cause additional impacts.  These impacts would include 
the flooding of upland areas and the deepening of existing wetland areas.  The 
environmental impacts are more fully detailed in the general impacts discussion Section 
4.0.   

A total of 61.50 acres of wetland impacts are expected from the proposed levee 
construction, with 0.52 acres of those wetlands having easements on them.  Complete or 
partial loss of wetland functions and conversion to upland due to filling is possible in 
some locations.  In areas where some hydrology is maintained and wetland conditions 
remain, changes in plant community and hydrology could lead to a wetland type change.  
The loss of wetland area would impact waterfowl, marsh bird and songbird-nesting areas, 
as well bring about impacts to reptile and amphibian populations due to habitat loss and 
fragmentation.  These impacts on wetland would require 122.48 acres of mitigation 
wetlands as set forth in the project mitigation policy developed through consultation with 
the Corps and FWS. 

A total of 1,839.24 acres of wetland impacts are expected from the roads acting as dams 
due to inundation and a subsequent wetland-type change.  Wetland easements are present 



P:\34\36\020\2002-25 4.25-17 

on 201.86 acres of those wetlands and 342.26 acres of those wetland acres impacted are 
within a Waterfowl Production Area (WPA).  Complete or partial loss of wetland 
functions due to conversion to deep-water habitat is possible in some locations.  In areas 
where some hydrology is maintained and wetland conditions remain, changes in plant 
community and hydrology would lead to a wetland type change.  The loss of wetland area 
would impact waterfowl, marsh bird and songbird-nesting areas, as well bring about 
impacts to reptile and amphibian populations due to habitat fragmentation.  This loss of 
wetland would require 3,678.48 acres of mitigation wetlands as set forth in the project 
mitigation policy developed through consultation with the Corps and FWS. 

In the upland areas a loss of native species due to grading and filling could be expected to 
occur as a result  of levee construction.  Subsequent re-vegetation of fill or borrow 
locations may allow for the introduction of weedy, non-native species.  A loss of native 
tree species due to grading and filling, as well as the introduction of weedy, non-native 
under-story species could also be expected in these areas.  These environmental impacts 
are more fully detailed in the general impacts discussion Section 4.0.  Environmental 
impacts due to levee construction would adversely affect 33.08 acres of oak forest/oak 
woodland (0.38 acres are under easement), 0.37 acres of grasslands under easements, 
58.17 acres of other grassland habitat acres, and 6.30 acres of the cropland under.  The 
loss of woodland and grassland areas would impact songbird nesting and small mammal 
populations, as well impacting reptile and amphibian populations due to habitat 
fragmentation.  Mitigation activities would require the acquisition of 65.78 acres of 
woodland, 116.71 acres of grasslands habitat and 6.30 acres of cover crop of like upland 
habitat replacement for these impacts. 

Upland impacts are expected from the roads acting as dams due to inundation and a 
subsequent conversion of upland areas to aquatic habitat – either open water or wetland.  
Complete or partial loss of habitat functions due to conversion to deep-water habitat is 
possible in some locations.  In areas where wetland conditions remain (i.e., water depths 
less than 2 meters), changes in plant community and hydrology would lead to wetland 
creation.  Environmental impacts due to inundation would affect 438.57 acres of oak 
forest/oak woodland (0.22 acres are under easement), 30.00 acres of grasslands under 
easements, 944.98 acres of other grassland habitat acres, and 2.38 acres of the cropland 
under easement.  A total of 29.76 of these upland acres are within the boundaries of a 
WPA.  The loss of woodland and grassland areas would impact songbird nesting and 
small mammal populations, as well impacting reptile and amphibian populations due to 
further habitat fragmentation.  Mitigation activities would require the acquisition of 
876.91 acres of woodland, 1919.96 acres of grasslands habitat and 2.38 acres of cover 
crop of like upland habitat replacement for these impacts. 
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4.25.3.5 Effects on Existing Infrastructure and Utilities 

Mission Township Area 

•  After the Mission Township area levees are constructed the Roads Acting as Dams in 
this area would be allowed to equalize on each side of the roadway embankments.  
This will be accomplished by the installation of new culverts through the roadway 
embankments.  These sections of roads that are outside of the protected area could be 
relocated inside the protection area, to reduce future raise costs. 

•  Pumping of the interior area may draw water levels down to allow the restoration and 
reopening of the portion of BIA Highway 9 currently under water.  The cost of 
restoration is included in the feature cost estimates. 

•  As the lake level rises, it  is assumed that BIA Highways 4 and 5 in the vicinity of 
levee 25A will no longer be raised and that eventually those roads may be abandoned 
should water levels inundate the roads or wave action make the roads impassable. 

Acorn Ridge Area 

•  After construction of the ND Highway 20 levee, the water would be allowed to 
equalize on both sides of the roadway.  New culverts would need to be installed to 
allow equalization.  The section ND Highway 20 that is outside of the protected area 
could be relocated inside the protection area, to reduce future raise costs. 

4.25.3.6 Interdependencies 

Flood protection for the areas protected by Roads Acting as Dams is related to the 
highway features that are acting as dams, the highways that serve the areas and the other 
features in the areas protected.   

The road features that are acting as dams include portions of: 

•  Feature 21: ND Highway 20 (Devils Lake levee to ND Highway 57) 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) 

These features are all major arterial routes in the region and provide access to the Roads 
Acting as Dams areas.  The need to raise, protect or abandon portions of these features is 
dependent on the actions taken regarding protection with new levees. 

The road features and other features within the areas protected by Roads Acting as Dams 
include portions of: 

•  Feature 22: ND Highway 20 (ND Highway 57 to Tokio) 
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•  Feature 23: BIA Highway 1 

•  Feature 24: BIA Highway 6 

•  Feature 8.1: Rural – Structures in the Mission Township Area, the Highway 57/1 
Area and the Acorn Ridge area 

•  Feature 5: St. Michael – North Sewage Lagoon and residences 

The need to raise, protect or abandon portions of these features is dependent on the 
actions taken regarding protection with new levees. 

Table 4.0-1, mentioned earlier in this report, provides a summary of the 
interdependencies among the features. 

4.25.3.7 O&M 

The annual costs for operation and maintenance of the pumps and levees were estimated 
using data from the City of Devils Lake levees and pumping stations obtained from the 
Corps. 

The annual maintenance costs for the levees were assumed to be 1 percent of the initial 
construction cost.  The annual operation and maintenance cost for the pump station was 
assumed to be 1.5 percent of the pump station construction costs plus $13,000 for 
electricity at the Mission Township area pump station and $2,000 for electricity at the 
Acorn Ridge area pump station. 

4.25.3.8 Lead Time Required 

The construction of the protective levees could be completed in one construction season.  
A lead time of about twelve months would be necessary for final design, preparation of 
construction documents and bidding.  Total t ime between initiation of final design and 
substantial completion of construction would be in the range of 18 to 24 months. 

4.25.3.9 Potential Problems and Risks 

Potential problems and risks associated with the levees and house relocations include: 

•  Dewatering behind cofferdams could become a significant effort 

•  Foundation conditions will be difficult  to assess prior to actual construction 

•  Levee fill placement for levee construction may be difficult  to control because of 
seepage 



P:\34\36\020\2002-25 4.25-20 

•  Cofferdam construction may be difficult , particularly in areas of high wave action 

•  Abandoning of utilit ies and wells may be necessary as part of the house relocations 

4.25.3.10 Data Deficiencies 

The following items would need to be acquired or verified prior to implementing the 
project. 

•  Verify location, number, and elevation of homes that would need relocating 

•  Perform soil borings prior to constructing levees 

•  Verification of above-ground and buried utilit ies 

4.25.3.11 Abbrev iated Cost Estimating for Feature Subsequent Action Levels 

As was mentioned previously, for Feature 25, an abbreviated method was necessary for 
examining the costs of infrastructure protection at action levels above the first .  The 
estimated costs at action levels subsequent to the first  are presented in Table 4.25-2b.  
Estimates of benefits—damages prevented—for subsequent action levels were made in 
the same manner as for the first action level.  The damage estimates for all action levels 
are shown in Table 4.25-1.    

The same general approach to calculate costs was used for the subsequent action levels.  
Unit prices were not changed.  However, some of the cost and damage items were simply 
extrapolated for the higher action levels, rather than being calculated in detail.  The 
relevant design and cost assumptions for the abbreviated method are listed below. 

Design Assumptions 

•  Levee crest elevations  

Action Level 2:  7-foot raise to 1462 

Action Level 3:  6-foot raise to 1468 

•  Cross-section   

Action Level 2:  15-foot crest width, 6H: 1V lake side side slopes, 3H: 1V land side 
side slopes, centerline-offset (to land side) raise 

Action Level 3:  15-foot crest width, 6H: 1V lake side side slopes, 3H: 1V land side 
side slopes, centerline-offset (to land side) raise 



P:\34\36\020\2002-25 4.25-21 

•  Length   

Action Level 2:  Total length of raised levee – 45,200 feet 

Action Level 3:  Total length of raised levee – 49,600 feet 

•  Impacted Area 

Action Level 2:  Incremental area impacted by raised levee – 63 acres 

Action Level 3:  Incremental area impacted by raised levee – 60 acres 

Construction material quantities were calculated in accordance with design assumptions 
discussed previously, and are listed in Table 4.25-2b.  The geological/geotechnical and 
environmental quantities and costs were estimated in proportion to the Action Level 1 costs 
as described in Section 3.2.13.  Real Estate costs were assumed to be proportional to the first  
raise costs. 

4.25.4 Economics of Flood Protection 
Damages:  For the 2002 analysis, the flood damage estimates for Roads Acting as Dams were 
reassessed in order to update and more accurately characterize the nature of the damages.  The 
updated damage computations for Roads Acting as Dams are summarized in the accompanying 
Table 4.25-1.  

The primary damages include: 

•  Relocation of residences 

•  Detour, restoration and raising costs associated with roads in the protected areas 

•  Relocation of the North Sewage Lagoon in St. Michael 

•  Land area inundated 

Although the restoration damages to interior roads are listed in Table 4.25-1, the limitations of the 
economics model do not allow consideration of these damages in the economic results. 

Unit prices for all the damage computations were listed in Section 4.0, and are detailed in Table 
4.0-2.  An updated (as of 2002) list  of assumptions regarding the damage computations, data 
sources, and other aspects of the economic analysis for roads acting as dams are listed in the 
roads acting as dams assumptions listing, appended to this Section 4.25. 

Costs:  The updated costs of providing flood protection for roads acting as dams are detailed in 
the accompanying Table 4.25-2a for the first  action level and in Table 4.25-2b for subsequent 
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action levels.  Unit prices, data sources, and relevant assumptions are listed.  All costs are given 
in 2002 dollars.  

The primary costs include: 

•  Earthwork items associated with levees and cofferdam construction 

•  Equipment items for the pump station for interior drainage 

•  Real estate costs associated with levees and ponding areas 

•  Raising costs associated with interior roads adjacent to the ponding areas 

Unit prices for all the cost computations were discussed previously in Section 4.0, and are 
detailed in Table 4.0-2.  Assumptions regarding the cost computations, data sources, and other 
aspects of the economic analysis for roads acting as dams are listed in the Roads Acting as Dams 
assumptions listing, appended to this Section 4.25. 

4.25.4 Economic Results 
The flood protection strategy that was analyzed for this feature was incremental levee raises.   

Acorn Ridge Area 

The results of the Infrastructure Protection Study for Roads Acting as Dams in the Acorn Ridge 
Area are listed in Table 4.25.1-3a for the analysis of all action levels and in Table 4.25.1-3b for 
the analysis of the first  action level. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for Roads Acting as Dams-Acorn Ridge Area, the 
Infrastructure Protection Study analysis provided relevant economic indices for constructing the 
levees.  This strategy is highlighted on the decision tree (Figure 4.25-2).  The annual net benefits 
for this approach were less than zero (-$468,500).  The BCR for this approach was less than one 
(0.12).  These results show that this strategy is not economically justified.  The stochastic results 
are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  Constructing the perimeter levees was 
also analyzed under each of three specific climate futures.  For Roads Acting as Dams-Acorn 
Ridge Area, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of constructing 
the levees were -$193,400, and the BCR was 0.21, indicating that this strategy was not 
economically justified. 
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•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of constructing the levees were -$356,100, and the BCR was 0.13, indicating that this 
strategy was not economically justified. 

•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of constructing the levees were -$510,000, and the BCR was 0.15, indicating that 
this strategy was not economically justified. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for Roads Acting as Dams-Acorn Ridge Area, the 
Infrastructure Protection Study analysis also provided relevant economic indices for constructing 
the first  levee raise.  The annual net benefits for this approach were less than zero (-$172,300).  
The BCR for this approach was less than one (0.23).  These results show that this strategy is not 
economically justified.  The stochastic results are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  Constructing the perimeter levees was also 
analyzed under each of three specific climate futures.  For Roads Acting as Dams-Acorn Ridge 
Area, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of constructing 
the levees were -$160,800, and the BCR was 0.24, indicating that this strategy was not 
economically justified. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of constructing the levees were -$175,800, and the BCR was 0.23, indicating that this 
strategy was not economically justified. 

•  Second Moderate Future – Under the second moderate future climate scenario, the average 
net benefits of constructing the levees were -$166,300, and the BCR was 0.24, indicating that 
this strategy was not economically justified. 

Mission Township Area 

The results of the Infrastructure Protection Study for Roads Acting as Dams in the Mission 
Township Area are listed in Table 4.25.2-3a for the analysis of all action levels and in Table 
4.25.2-3b for the analysis of the first action level. 

Multiple  Action Level Stochastic Analysis Results:  Using the stochastic analysis along with 
the updated damage and cost estimates for Roads Acting as Dams-Mission Township Area, the 
Infrastructure Protection Study analysis provided relevant economic indices for constructing the 
levees.  This strategy is highlighted on the decision tree (Figure 4.25-2).  The annual net benefits 
for this approach were less than zero (-$1,410,200).  The BCR for this approach was less than one 
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(0.61).  These results show that this strategy is not economically justified.  The stochastic results 
are averages over 10,000 traces. 

Multiple  Action Level Results for Specific Scenarios:  Constructing the perimeter levees was 
also analyzed under each of three specific climate futures.  For Roads Acting as Dams-Mission 
Township Area, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of constructing 
the levees were -$166,100, and the BCR was 0.93, indicating that this strategy was not 
economically justified. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of constructing the levees were -$1,791,700, and the BCR was 0.42, indicating that 
this strategy was not economically justified. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of constructing the levees were -$1,966,200, and the BCR was 0.48, indicating that 
this strategy was not economically justified. 

First Action Level Stochastic Analysis Results:  Using the stochastic analysis along with the 
updated damage and cost estimates for Roads Acting as Dams-Mission Township Area, the 
Infrastructure Protection Study analysis provided relevant economic indices for constructing the 
levees.  This strategy is highlighted on the decision tree (Figure 4.25-2).  The annual net benefits 
for this approach were less than zero (-$1,047,500).  The BCR for this approach was less than one 
(0.55).  These results show that this strategy is not economically justified.  The stochastic results 
are averages over 10,000 traces. 

First Action Level Results for Specific Scenarios:  Constructing the perimeter levees was also 
analyzed under each of three specific climate futures.  For Roads Acting as Dams-Mission 
Township Area, the economic indices for each of the three climate futures are as follows: 

•  Wet Future – Under the wet future climate scenario, the annual net benefits of constructing 
the levees were -$945,700, and the BCR was 0.57, indicating that this strategy was not 
economically justified. 

•  First Moderate Future – Under the first moderate future climate scenario, the annual net 
benefits of constructing the levees were -$1,076,900, and the BCR was 0.54, indicating that 
this strategy was not economically justified. 

•  Second Moderate Future – Under the second moderate future climate scenario, the annual net 
benefits of constructing the levees were -$933,800, and the BCR was 0.56, indicating that this 
strategy was not economically justified. 
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DAMAGES

Structures and 
Infrastructure Land

Structures and 
Infrastructure Land

(MSL)
Below 1452 $1,876 $620 $793 $60

1452.5 - 1459.5 $1,703 $906 $1,071 $102
Above 1459.5 $1,528 $588 $954 $118

Impacted Roadway 
Length (FEET)

Damage Value 
(THOUSANDS)

41,250 $9,205
42,300 $9,327
43,330 $9,446
44,480 $9,579
44,470 $9,578
45,240 $9,667
45,940 $9,748
46,490 $9,812
47,680 $9,950
48,940 $10,096
49,910 $10,208
50,990 $10,333
51,790 $10,426
52,560 $10,515
53,400 $10,612
54,200 $10,705
55,000 $10,797

DAMAGE BREAKDOWN

Mission Township Area

Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)

Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
Barn 3 EA $72,000 $216 Barn 4 EA $72,000 $288 Barn 1 EA $72,000 $72
Commercial 1 EA $63,000 $63 Commercial 0 EA $63,000 $0 Commercial 0 EA $63,000 $0
Residence 16 EA $62,000 $992 Residence 19 EA $62,000 $1,178 Residence 20 EA $62,000 $1,240
Shed 14 EA $43,200 $605 Shed 5 EA $43,200 $216 Shed 5 EA $43,200 $216
Silo 0 EA $20,500 $0 Silo 1 EA $20,500 $21 Silo 0 EA $20,500 $0

$1,876 $1,703 $1,528
Land Land Land
Land 1,550 AC $400 $620 Land 2,264 AC $400 $906 Land 1,470 AC $400 $588

$620 $906 $588

Acorn Ridge Area   

Description Quantity Units Unit Value Description Quantity Units Unit Value Description Quantity Units Unit Value
Cost (THOUSANDS) Cost (THOUSANDS) Cost (THOUSANDS)

Structures and Infrastructure Structures and Infrastructure Structures and Infrastructure
Barn 0 EA $72,000 $0 Barn 0 EA $72,000 $0 Barn 0 EA $72,000 $0
Commercial 0 EA $63,000 $0 Commercial 0 EA $63,000 $0 Commercial 0 EA $63,000 $0
Residence 10 EA $62,000 $620 Residence 11 EA $62,000 $682 Residence 14 EA $62,000 $868
Shed 4 EA $43,200 $173 Shed 9 EA $43,200 $389 Shed 2 EA $43,200 $86
Silo 0 EA $20,500 $0 Silo 0 EA $20,500 $0 Silo 0 EA $20,500 $0

$793 $1,071 $954
Land Land Land
Land 150 AC $400 $60 Land 256 AC $400 $102 Land 295 AC $400 $118

$60 $102 $118

Item Unit Cost Contingency Value per LF of Road
Excavation 4.06 CY/LF $3.50 30% $18

Fill Material 2.69 CY/LF $5.00 30% $17
Geotextile Fabric 5.00 SY/LF $2.00 30% $13

Aggregate Base Course 0.92 CY/LF $20.00 30% $24

Bituminous 0.66 Tons/LF $50.00 30% $43
$116

Item Unit Cost Contingency Total Value for Road
Riprap 1.89 CY/LF $40.00 30% $4,054,050

Geotextile Fabric 3.5 SY/LF $2.00 30% $375,375

$4,429,425

5
22
24

TOTAL

5
22
24

TOTAL

5
22
24

TOTAL

5
22
24

TOTAL

ND Highway 20 (ND Highway 57 to Tokio $0 $427 $427

ND Highway 20 (ND Highway 57 to Tokio $0 $1,016 $1,016

ND Highway 20 (ND Highway 57 to Tokio $0 $147 $147

ND Highway 20 (ND Highway 57 to Tokio $0 $498 $498

AL1

Structure Elevation 1452.5 - 1459.5

Total Relocation

Total Land

Lake Elevation (MSL)
1449

1451
1452

*Restoration Damages for interior roads: BIA Highways 2, 4, 
5, 6, and 9 and one impacted township road

Restoration Damages*

Structure Elevation Above 1459.5

Total Relocation

Total Land

Structure Elevation Above 1459.5

Total Relocation

Total Land

AL2

Structure Elevation 1452.5 - 1459.5

Total Relocation

Total Land

AL3

1457

1461

1450

Table 4.25-1

Flood Damages 
Feature 25: Roads Acting as Dams

Action Level

Devils Lake Infrastructure Protection Study

Mission Township Area Acorn Ridge Area

Structure Elevation 
Range

Total
Description

Removal of existing bituminous (24' X 
0.5'), existing shoulder (3' X 0.5' ea. 
side), existing aggregate base (41' X 
0.5'), and top 1.5' of existing road 

Description

Total Relocation

Quantity per LF of Road

Replace 0.5' of bituminous pavement

Replace 0.5' of subgrade and 
shoulders (3' X 0.5' ea. side)

Total Land

1454
1455
1456

Restoration Damages

Total Land

For use under riprap restoration

Total

Replace top 1.5' of roadway 

1458

Place riprap from road surface 
elevation to bottom of embankment 
replacement for lowest impacted 
roadway length

1459

1453

Total Relocation

Place geotextile beneath new 
aggregate base

1460

Structure Elevation Below 1452.5

1464
1465

Structure Elevation Below 1452.5

1462
1463

Stochastic Analysis

Impacted Feature
Annual Costs Avoided Annual Damages Reduced TOTAL

(averaged over 10,000 traces) (averaged over 10,000 traces) (averaged over 10,000 traces) 

Quantity per LF of Road

St. Michael $35 $0 $35

BIA Highway 6 $0 $498 $498
$1,031

Wet Future Scenario Analysis

Impacted Feature
Annual Costs Avoided Annual Damages Reduced TOTAL

St. Michael $35 $0 $35

$330
BIA Highway 6 $0 $147 $147

Moderate Future 1

Impacted Feature
Annual Costs Avoided Annual Damages Reduced TOTAL

St. Michael $35 $0 $35

BIA Highway 6 $0 $1,016 $1,016

$35

$2,068

Moderate Future 2

Impacted Feature
Annual Costs Avoided Annual Damages Reduced TOTAL

(THOUSANDS)

$890
BIA Highway 6 $0 $427 $427

St. Michael $35 $0
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STRATEGY COSTS BY ACTION LEVEL 

Strategy:

Mission Township Area

$35,674

COST BREAKDOWN

Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS)
Levee Construction Levee Construction to Elevation 1455

Mission Performance/Payment Bond 1 JB $155,670 10% $171
Township Residence Relocation 6 EA $68,000 30% $530
Area Barn Relocation 2 EA $72,000 100% $288

Shed Relocation 7 EA $43,200 50% $454
Clearing and Grubbing 31.2 AC $3,000 30% $122
Stripping (1') 97,000 CY $1.50 30% $189
Inspection Trench 27,000 LF $4.00 30% $140
Levee Fill 677,000 CY $5.00 30% $4,401
Bedding 60,000 CY $35 30% $2,730
Riprap 90,000 CY $40 40% $5,040
Sand Drain 86,000 CY $22 30% $2,460
Topsoil (4") 15,000 CY $2.50 30% $49
Seed 28.5 AC $1,000 30% $37
Culverts 510 LF $50 30% $33
Cofferdams - Geotextile Fabric 48,000 SY $2.00 30% $125
Cofferdams - Fill 301,000 CY $5.00 30% $1,957
Cofferdams - Excavation 301,000 CY $3.50 30% $1,370
Cofferdams - Riprap 20,000 CY $40 40% $1,120
Interior Drainage
Culverts 1,700 LF $50 50% $128
Channel 0 LF $12 50% $0
Pump Station 1 EA $1,800,000 30% $2,340
Geotechnical 
Slurry Wall 195,000 SF $6.00 50% $1,755
Borings 37 EA $1,000 50% $56
Excavation of Unsuitable Material 28,900 CY $8.50 50% $368
Environmental Impacts
Mitigation 1 LS $2,651
HTRW 1 LS $81
Cultural Resources Investigation 1 LS $62

$28,655
Engineering and Design 15% $4,298
Supervision and Administration 8% $2,292
Real Estate Acquisition for ROW 1 LS $428

$35,674
Levee Construction Levee Construction to Elevation 1455

Acorn Performance/Payment Bond 1 JB $16,252 10% $18
Ridge Area Shed Relocation 1 EA $43,200 50% $65

Clearing and Grubbing 0.9 AC $3,000 30% $4
Stripping (1') 10,000 CY $1.50 30% $20
Inspection Trench 2,600 LF $4.00 30% $14
Levee Fill 85,000 CY $5.00 30% $553
Bedding 5,700 CY $35 30% $259
Riprap 8,500 CY $40 40% $476
Sand Drain 11,000 CY $22 30% $315
Topsoil (4") 1,900 CY $2.50 30% $6
Seed 3.5 AC $1,000 30% $5
Culverts 100 LF $50 30% $7
Cofferdams - Geotextile Fabric 4,000 SY $2.00 30% $10
Cofferdams - Fill 22,000 CY $5.00 30% $143
Cofferdams - Excavation 22,000 CY $3.50 30% $100
Cofferdams - Riprap 2,000 CY $40 40% $112
Interior Drainage
Culverts 0 LF $50 50% $0
Channel 0 LF $12 50% $0
Pump Station 1 EA $200,000 50% $300
Geotechnical 
Slurry Wall 28,000 SF $6.00 50% $252
Borings 6 EA $1,000 50% $9
Excavation of Unsuitable Material 5,000 CY $8.50 50% $64

$2,729
Engineering and Design 15% $409
Supervision and Administration 8% $218
Real Estate Acquisition for ROW 1 LS $48

$3,404

ANNUAL OPERATION AND MAINTENANCE COSTS

Levee Maintenance Pump O&M

$152 $40
$17 $5

R (1)

(THOUSANDS)

Table 4.25-2a

Flood Protection Costs 
Feature 25: Roads Acting as Dams

Acorn Ridge Area

AL1 $3,404

Action Level

R(1)
Description

Total Acorn Ridge Area Levee Cost 

Acorn Ridge Area Subtotal

AL1-Acorn Ridge

Devils Lake Infrastructure Protection Study

$192AL1-Mission Twnshp

Mission Township Area Levee Subtotal

Levee Area

$22

Total Mission Township Area Levee Cost 

(THOUSANDS)

Total Operation and 
Maintenance Cost
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STRATEGY COSTS BY ACTION LEVEL 

Strategy:

Mission Township Area Acorn Ridge Area

$25,206 $0
$0 $5,733

COST BREAKDOWN

Quantity Units Unit Contingency Value Quantity Units Unit Contingency Value
Strategy Cost (THOUSANDS) Cost (THOUSANDS)
Levee Construction Levee Construction to Elevation 1462 Levee Construction to Elevation 1468

Mission Performance/Payment Bond 1 JB $118,577 10% $130 Performance/Payment Bond 1 JB $131,119 10% $144
Township Clearing and Grubbing 50.5 AC $3,000 30% $197 Clearing and Grubbing 48.3 AC $3,000 30% $188
Area Stripping (1') 81,500 CY $1.50 30% $159 Stripping (1') 78,000 CY $1.50 30% $152

Inspection Trench 9,550 LF $4.00 30% $50 Inspection Trench 3,190 LF $4.00 30% $17
Levee Fill 872,000 CY $5.00 30% $5,668 Levee Fill 1,196,000 CY $5.00 30% $7,774
Bedding 43,000 CY $35 30% $1,957 Bedding 41,000 CY $35 30% $1,866
Riprap 77,000 CY $40 40% $4,312 Riprap 75,000 CY $40 40% $4,200
Sand Drain 156,000 CY $22 30% $4,462 Sand Drain 152,000 CY $22 30% $4,347
Topsoil (4") 24,000 CY $2.50 30% $78 Topsoil (4") 33,000 CY $2.50 30% $107
Seed 44.6 AC $1,000 30% $58 Seed 61.7 AC $1,000 30% $80
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Cofferdams - Geotextile Fabric 0 SY $2.00 30% $0 Cofferdams - Geotextile Fabric 0 SY $2.00 30% $0
Cofferdams - Fill 0 CY $5.00 30% $0 Cofferdams - Fill 0 CY $5.00 30% $0
Cofferdams - Excavation 0 CY $3.50 30% $0 Cofferdams - Excavation 0 CY $3.50 30% $0
Cofferdams - Riprap 0 CY $40 40% $0 Cofferdams - Riprap 0 CY $40 40% $0
Interior Drainage Interior Drainage
Culverts 0 LF $50 50% $0 Culverts 0 LF $50 50% $0
Channel 0 LF $12 50% $0 Channel 0 LF $12 50% $0
Pump Station 0 EA $1,800,000 30% $0 Pump Station 0 EA $1,800,000 30% $0
Geotechnical Geotechnical 
Slurry Wall 70,000 SF $6.00 50% $630 Slurry Wall 23,200 SF $6.00 50% $209
Borings 13 EA $1,000 50% $20 Borings 4 EA $1,000 50% $7
Excavation of Unsuitable Material 10,400 CY $8.50 50% $133 Excavation of Unsuitable Material 3,400 CY $8.50 50% $43
Environmental Impacts Environmental Impacts
Mitigation 1 LS $2,227 Mitigation 1 LS $2,121
HTRW 1 LS $68 HTRW 1 LS $65
Cultural Resources Investigation 1 LS $52 Cultural Resources Investigation 1 LS $50

$20,200 $21,371
Engineering and Design 15% $3,030 Engineering and Design 15% $3,206
Supervision and Administration 8% $1,616 Supervision and Administration 8% $1,710
Real Estate Acquisition for ROW 1 LS $360 Real Estate Acquisition for ROW 1 LS $343

$25,206 $26,629
Levee Construction Levee Construction to Elevation 1462 Levee Construction to Elevation 1468

Acorn Performance/Payment Bond 1 JB $28,402 10% $31 Performance/Payment Bond 1 JB $30,805 10% $34
Ridge Area Clearing and Grubbing 12.5 AC $3,000 30% $49 Clearing and Grubbing 12.1 AC $3,000 30% $47

Stripping (1') 20,000 CY $1.50 30% $39 Stripping (1') 19,500 CY $1.50 30% $38
Inspection Trench 6,180 LF $4.00 30% $32 Inspection Trench 1,230 LF $4.00 30% $6
Levee Fill 176,000 CY $5.00 30% $1,144 Levee Fill 262,000 CY $5.00 30% $1,703
Bedding 11,000 CY $35 30% $501 Bedding 10,000 CY $35 30% $455
Riprap 20,000 CY $40 40% $1,120 Riprap 18,500 CY $40 40% $1,036
Sand Drain 40,000 CY $22 30% $1,144 Sand Drain 37,500 CY $22 30% $1,073
Topsoil (4") 5,000 CY $2.50 30% $16 Topsoil (4") 7,500 CY $2.50 30% $24
Seed 9.8 AC $1,000 30% $13 Seed 14 AC $1,000 30% $18
Culverts 0 LF $50 30% $0 Culverts 0 LF $50 30% $0
Cofferdams - Geotextile Fabric 0 SY $2.00 30% $0 Cofferdams - Geotextile Fabric 0 SY $2.00 30% $0
Cofferdams - Fill 0 CY $5.00 30% $0 Cofferdams - Fill 0 CY $5.00 30% $0
Cofferdams - Excavation 0 CY $3.50 30% $0 Cofferdams - Excavation 0 CY $3.50 30% $0
Cofferdams - Riprap 0 CY $40 40% $0 Cofferdams - Riprap 0 CY $40 40% $0
Interior Drainage Interior Drainage
Culverts 0 LF $50 50% $0 Culverts 0 LF $50 50% $0
Channel 0 LF $12 50% $0 Channel 0 LF $12 50% $0
Pump Station 0 EA $200,000 50% $0 Pump Station 0 EA $200,000 50% $0
Geotechnical Geotechnical 
Slurry Wall 66,600 SF $6.00 50% $599 Slurry Wall 13,200 SF $6.00 50% $119
Borings 14 EA $1,000 50% $21 Borings 3 EA $1,000 50% $4
Excavation of Unsuitable Material 11,900 CY $8.50 50% $152 Excavation of Unsuitable Material 2,400 CY $8.50 50% $31

$4,861 $4,588
Engineering and Design 15% $729 Engineering and Design 15% $688
Supervision and Administration 8% $389 Supervision and Administration 8% $367
Real Estate Acquisition for ROW 1 LS $92 Real Estate Acquisition for ROW 1 LS $89

$6,072 $5,733

ANNUAL OPERATION AND MAINTENANCE COSTS

Levee Maintenance Pump O&M

$169 $40
$41 $5

$187 $40
$44 $5AL3-Acorn Ridge $49

AL3-Mission Twnshp $227

Table 4.25-2b

Flood Protection Costs 
Feature 25: Roads Acting as Dams

Devils Lake Infrastructure Protection Study

Acorn Ridge Area Subtotal

Total Acorn Ridge Area Levee Cost 

Acorn Ridge Area Subtotal

R(3)
Description

Mission Township Area Levee Subtotal

Total Mission Township Area Levee Cost 

(THOUSANDS)
Mission Township Area

$0
$0 $26,629

AL2-Acorn Ridge
$209AL2-Mission Twnshp

Mission Township Area Levee Subtotal

Levee Area

$46

Total Mission Township Area Levee Cost 

(THOUSANDS)

Total Operation and 
Maintenance Cost

Total Acorn Ridge Area Levee Cost 

R (2)

Description

AL2

Action Level

R(2)

Acorn Ridge Area

AL3
$6,072

R (3)
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $64,700 $64,700 $0 $0 --

L(3) 3 Levee Raise $496,700 $36,500 $0 $533,200 $0 $0 $64,700 -$468,500 0.12

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
No Protection No Protection $0 $0 $0 $0 $51,900 $51,900 $0 $0 --

L(3) 3 Levee Raise $207,100 $38,200 $0 $245,200 $0 $0 $51,900 -$193,400 0.21

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $51,900 $51,900 $0 $0 --

L(3) 3 Levee Raise $377,600 $30,300 $0 $408,000 $0 $0 $51,900 -$356,100 0.13

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $86,800 $86,800 $0 $0 --

L(3) 3 Levee Raise $555,100 $41,800 $0 $596,900 $0 $0 $86,800 -$510,000 0.15

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COSTS DAMAGES

Table 4.25.1 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 25.1: Roads Acting as Dams (Acorn Ridge Area)

Devils Lake Infrastructure Protection Study

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $51,700 $51,700 $0 $0 --

L(1) 1 Levee Raise $206,300 $17,600 $0 $224,000 $0 $0 $51,700 -$172,300 0.23

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
No Protection No Protection $0 $0 $0 $0 $51,900 $51,900 $0 $0 --

L(1) 1 Levee Raise $207,100 $5,600 $0 $212,700 $0 $0 $51,900 -$160,800 0.24

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $51,900 $51,900 $0 $0 --

L(1) 1 Levee Raise $207,100 $20,700 $0 $227,700 $0 $0 $51,900 -$175,800 0.23

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $51,900 $51,900 $0 $0 --

L(1) 1 Levee Raise $207,100 $11,200 $0 $218,200 $0 $0 $51,900 -$166,300 0.24

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COSTS DAMAGES

Table 4.25.1 - 3b

Economics Results: First Action Level
Feature 25.1: Roads Acting as Dams (Acorn Ridge Area)

Devils Lake Infrastructure Protection Study

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $2,165,300 $2,165,300 $0 $0 --

L(3) 3 Levee Raise $3,383,300 $192,200 $0 $3,575,500 $0 $0 $2,165,300 -$1,410,200 0.61

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
No Protection No Protection $0 $0 $0 $0 $2,202,700 $2,202,700 $0 $0 --

L(3) 3 Levee Raise $2,170,000 $198,800 $0 $2,368,800 $0 $0 $2,202,700 -$166,100 0.93

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $1,273,400 $1,273,400 $0 $0 --

L(3) 3 Levee Raise $2,877,900 $187,200 $0 $3,065,100 $0 $0 $1,273,400 -$1,791,700 0.42

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $1,843,900 $1,843,900 $0 $0 --

L(3) 3 Levee Raise $3,614,800 $195,300 $0 $3,810,100 $0 $0 $1,843,900 -$1,966,200 0.48

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
*Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COSTS DAMAGES

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES

Table 4.25.2 - 3a

Economics Results:  All Action Levels -- to Lake Level 1463
Feature 25.2: Roads Acting as Dams (Mission Township Area)

Devils Lake Infrastructure Protection Study
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Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $1,269,100 $1,269,100 $0 $0 --

L(1) 1 Levee Raise $2,162,500 $154,100 $0 $2,316,600 $0 $0 $1,269,100 -$1,047,500 0.55

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
No Protection No Protection $0 $0 $0 $0 $1,273,400 $1,273,400 $0 $0 --

L(1) 1 Levee Raise $2,170,000 $49,100 $0 $2,219,100 $0 $0 $1,273,400 -$945,700 0.57

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $1,273,400 $1,273,400 $0 $0 --

L(1) 1 Levee Raise $2,170,000 $180,300 $0 $2,350,300 $0 $0 $1,273,400 -$1,076,900 0.54

Total Benefits Net Benefits Benefit- Cost Ratio

Levee Raise O&M Relocation Total Damages Total To Strategy (Damages Prevented) To Strategy (BCR)
Designation Description A B C D = A + B + C E F = E G = F(No Protection) - F(S) * H = G - D I = G / D
No Protection No Protection $0 $0 $0 $0 $1,273,400 $1,273,400 $0 $0 --

L(1) 1 Levee Raise $2,170,000 $97,200 $0 $2,267,200 $0 $0 $1,273,400 -$993,800 0.56

All dollar values are present worth values annualized over a 50-year period at an interest rate of 6.125% and rounded to the nearest $100.
* Total benefits are calculated as the total damages incurred for the "No Protection" strategy minus the total damages for the strategy implemented (F(S)).

Table 4.25.2 - 3b

Economics Results: First Action Level
Feature 25.2: Roads Acting as Dams (Mission Township Area)

Devils Lake Infrastructure Protection Study

Stochastic Analysis (ST-9)
Mean Value over 10,000 Traces (Annual)

Strategy COSTS DAMAGES

Wet Future Scenario (WF-9)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 1 Scenario (M1-4)
(Annual)

Strategy COSTS DAMAGES

Moderate Future 2 Scenario (M2-4)
(Annual)

Strategy COSTS DAMAGES

L:\34\36\020\UpdatedAl1Analysis\DLIP_Econ_Summary_2002UpdatedAL1.xls
1/10/2003
12:27 PM
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Attachment to 4.25: 
Roads Acting as Dams Infrastructure Protection Study Assumptions 

A. General Assumptions 
1. Levee alignments based on alignments presented in the following studies: 

•  Devils Lake Spirit  Nation Reservation Alternatives Assessment, prepared for the U.S. Army 
Corps of Engineers, St. Paul District by Barr Engineering Company, October 1997 

•  Alternatives Analysis, Alternative 3, completed by U.S. Army Corps of Engineers, St. Paul 
District, March 2000 

2. Decisions and calculations were dependent on the selected strategy for each feature involved with 
Roads Acting as Dams. 

3. Structure elevation and land elevation data was obtained from the 2000 FEMA LIDAR topography. 

4. All roads currently acting as dams are equalized for safety reasons. 

B. Levees  
1. Levee cross-section was based on levees sections previously built  in Devils Lake. 

2. Levees constructed parallel to existing highway embankments were assumed to have steeper lake side 
slopes because of their being constructed immediately adjacent to substantial roadway embankments. 

3. For levee protection, it  was assumed that 4 feet of freeboard would be required for all of the.  The 
assumed freeboard was based on calculated wave heights for this area plus one foot. 

4. Sand drains were assumed to be included for all levees with a height of 9 feet or greater  

5. It  was assumed that the impervious fill materials for levees would come from nearby clay borrow 
areas. 

6. Although it  was recognized that special handling, placement and compaction methods would be 
required for construction of impervious core, it  was assumed that the unit price for impervious core 
would be similar to levee fill.  Impervious core was included in the levee fill quantity.   

7. The annual maintenance cost for the levees was assumed to be 1% of the construction costs. 

C. Residential and Commercial Properties 
1. For relocation strategies, structures are relocated when the lake level reached one foot below the 

ground elevation at each structure.  



P:\34\36\020\Att 4.25.doc Att. 4.25-2 

2. A GIS database of structures was provided by FEMA and was used to inventory rural structures.  This 
data included building descriptions, elevations, and for most of the structures, estimates of structure 
values.  Rural structures were sorted using GIS tools to drop those structures that fall within the 
analytical boundaries of communities included in the affected area, mainly St. Michael and Fort 
Grafton.  From this inventory of rural structures, the data was further sorted by building type and 
elevation range.  Spirit  Lake Nation reservation boundaries were also used to discern on-reservation 
v. off-reservation houses. 

3. Average values for houses were obtained from FEMA values provided in 2001.  The average value of 
rural houses located in the Acorn Ridge area was $88,000.  The average value for rural houses located 
on the Spirit  Lake Nation Reservation (the Mission Township and Highway 57/1 areas) was $62,000.  
These figures were obtained from the Federal Emergency Management Agency (FEMA).  The 
average values for off-reservation and on-reservation houses were based upon 1,219 and 88 houses, 
respectively.  The value for each house was determined for FEMA by certified flood insurance 
adjusters and was based on total habitable square footage of the buildings and standardized real estate 
appraisals.  These values did not include the value of land on which the houses were located.  FEMA 
has been using these average values for planning purposes only (FEMA, March, 2001).  Contingency 
for houses was assumed to be 30 percent, to reflect the large database of costs, and therefore the 
relative certainty in quantity and unit price. 

4. Relocation cost for a house was estimated to be $68,000.  This cost was obtained from the North 
Dakota-North Central Planning Council and represents the average cost to relocate a residence during 
the buyout program conducted in Churchs Ferry (2000).  The $68,000 includes the following costs: 
demolition of the existing house, purchase of an equivalent house in a nearby community, purchase of 
a lot, and legal, appraisal, and management fees.  It  was assumed relocation costs would be 
approximately the same in Fort Totten as they were in Churchs Ferry. 

5. The FEMA database did not provide an adequate data set of values for barns, sheds, or silos.  The 
FEMA database did include estimated values for three barn structures, ranging from $100,000 to 
$200,000.  Limited market research resulted in estimated costs for pre-fabricated metal structures at 
between $10 and $30 per square foot.  At $30 per square foot, a 30-foot by 80-foot pole barn would 
result  in $72,000 value.  This was used as the assumed value for a barn.  Sheds were assumed to be 
24 feet by 60 feet, resulting in an assumed value of $43,200.  Values for silos were developed by 
using data provided by the North Dakota State Water Commission (Michael Hove, 10/11/2002 phone 
call and follow-up data).  While not comprehensive, this data provided a reasonable data set for silos 
included in the FEMA inventory, matched a subset of these with field observation, and placed values 
to each of these structures based on field dimensions and estimated structure cost per bushel storage.  
This analysis resulted in an average value of $20,453, and was used as the estimated average value for 
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silos.  Based on the uncertainty in the database counts for these structures, and the unit prices 
assumed, the contingency for these structures was assumed to be 100 percent.  

D. Land 
1. Land value in rural areas was assumed to be $400/acre.  This value was provided by the Corps of 

Engineers (personal communication, April, 2001) and is an estimate of the average value of all land 
surrounding Devils Lake.  

2. Land damaged is land that is inundated or not accessible without levee construction minus the land 
needed for ponding areas after levee construction. 

3. Land area was interpolated from 1451-1454 and 1456 to 1463. 

E. Existing Road and Levee Information 
1. Existing road information for the existing roads were obtained through contact with: 

•  Spirit  Lake Nation representatives, primarily Clarence Greene 

•  ND DOT representatives, primarily Brad Darr 

•  COE representatives, primarily Lowell Hansen 

2. Existing road cross-section for the feature were based on construction drawing typical sections 
obtained from BIA/ND DOT/or their consultants including:  

•  ND DOT Plan: Project No. SS-3-020(055)088, 5/25/99, Sheet 6 of 18 

•  BIA Spirit  Lake Sioux Nation Plan: Mission Bay Road Project No. 1-10(5), Route 1, 11/22/99. 
Sheet 3 of 16 

•  Kadrmas, Lee and Jackson: Project No. ERFO Road Repair Project – BIA #6, 7/27/01, Sheet 7 of 
27 

3. Existing road centerline profiles for the features evaluated were obtained from the plans listed above.  
Plan elevation data was assessed for reasonableness by comparing to the 2000 FEMA LIDAR 
topography.  Where necessary road plan elevation information was supplemented with the LIDAR 
information. 

F. Roads  
1. BIA Highway 4 and BIA Highway 5 are abandoned when the lake level or wave height makes them 

impassible.   
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2. BIA Highway 4, BIA Highway 2, BIA Highway 6, and 38th Street and 42nd Street are raised so 
ponding occurs and the roads are protected. 

F. Road Restoration 
1. For damage calculations it  was assumed that if the feature were temporarily closed, it  would be 

restored after the lake level has receded to the minimum road surface elevation less the assumed wave 
runup (the “Lake Damage Elevation”).   

2. Restoration damages were calculated assuming that the bituminous surfacing, shoulder and aggregate 
subgrade would be removed along with an additional 1.5 feet of embankment material.  Those 
materials would then be replaced in kind over a geotextile.  It  was assumed riprap would be placed on 
the lake side slope over geotextile from the road surface elevation to the bottom of the embankment 
replacement.  The riprap would be placed along the length of roadway lying below the receded lake 
damage elevation.  The receded lake damage elevation is defined as the receded lake elevation plus 
the calculated wind-induced wave height.  

G. Geotechnical Information 
1. The scope and cost of geotechnical mitigation are related to three issues: (1) number of borings and 

soil tests, (2) soft soils that may require excavation and/or additional construction material, and 
(3) sand deposits which may require excavation or other mitigation such as cut-off walls if such 
occurs in the alignments of levees. 

2. While the county soil surveys have similar descriptions of the subgrade characteristics of glacial till 
and lake bed deposits (Severe: low strength), experience in the Devils Lake area has indicated that 
most t ill deposits are better subgrade than lake. The potential thickness of soft-soil deposits has been 
estimated based on descriptions of the lake bed deposits in the geologic and soils reports. 

3. The potential extents of sand deposits have been estimated based on descriptions in the soils reports.  
It  is likely that in some locations, the surficial sand deposits, typically assumed herein to beach 
deposits, may be continuous with subsurface sand and gravel deposits (glacial outwash).  As such, 
some of the sand deposits may be of much greater extent vertically and laterally (buried) than has 
been assumed herein.  The feature most at-risk to extensive buried sand deposits is feature #25 Roads-
As-Dams, followed by feature #4 City of Minnewaukan.  

4. It  is assumed that a soil boring will be completed approximately every 1,000 feet.  Additional borings 
will be completed in areas of critical soils.  Each soil boring and associated observation and testing 
will cost $2,000. 

5. Cut off walls are estimated to be $6/square foot based on past work at Devils Lake. 
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6. In instances where construction may be completed in the wet, it  is assumed that soft soil will not be 
excavated, but instead may be displaced by new fill.  In those instances, additional fill contingency is 
added based on the percentage of the feature alignment that is underlain by potentially soft soil – for 
50 percent of the alignment, the contingency is increased by 10 percent, and thereafter the amount is 
pro-rated. 

7. The subgrade conditions along the alignment of this feature’s levees are based upon review of: 

•  Carlson, C.G. and T .F. Freers, 1975. Geology of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey, Bulletin 59 – Part 1 (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part 1) 

•  Randich, P.G., 1971. Groundwater Basic Data of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part II (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part II) 

•  Randich, P.G., 1977.  Groundwater Resources of Benson and Pierce Counties, North Dakota. 
North Dakota Geological Survey Bulletin 59 – Part III (also North Dakota State Water 
Commission County Groundwater Studies 18 – Part III) 

•  USDA Soil Conservation Service, 1977, Soil Survey of Benson County Area, North Dakota 

•  Hobbs, Howard C. and J.P. Bluemle, 1987.  Geology of Ramsey County, North Dakota. North 
Dakota Geological Survey Bulletin 71 – Part I (also North Dakota State Water Commission 
County Groundwater Studies 26 – Part I) 

•  Hutchinson, R.D., 1977. Groundwater Basic Data for Ramsey County, North Dakota. North 
Dakota Geological Survey Bulletin 71 – Part II (also North Dakota State Water Commission 
County Groundwater Studies 26 – Part II) 

•  Hutchinson, R.D. and Robert L. Klausing, 1980.  Groundwater Resources of Ramsey County, 
North Dakota. North Dakota Geological Survey Bulletin 71 – Part III (also North Dakota State 
Water Commission County Groundwater Studies 26 – Part III) 

•  USDA Soil Conservation Service, 1986, Soil Survey of Ramsey County, North Dakota. 
Hardcopy and electronically from http://nasis.nrcs.usda.gov/ 

H. Geotechnical - Borrow Sites 
1. Use of tilled agricultural land avoids impacts to natural resources but a Phase I cultural resources 

survey will still be required to determine if any cultural resources are present in the area. 
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2. Based on the soil county surveys, there is abundant source material (clay till) available for impervious 
core and impervious fill. 

3. It  is assumed that the investigation and testing of a new or expanded borrow site can be done for 
$5,000. 
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